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PREFACE TO APPENDIX G, ENVIRONMENTAL NOISE ASSESSMENT 

Noise modeling was conducted in 2012 to determine the location and magnitude of noise that would be 
generated by the training operations in comparison to existing conditions (baseline). The Proposed 
Action of this Supplemental Draft EIS includes the same noise producing operations that were analyzed 
in the 2012 Draft EIS. The locations of the Driving Tracks, Explosives Training, and Firearms Training 
venues are the same as 2012 Build Alternative 2. Build Alternative 3 would not have any substantive 
change in noise impacts when compared with 2012 Build Alternative 2. All noise producing operations 
presented for Build Alternative 3 are generally the same types, numbers, and frequency as those 
originally modeled. One change in the firearms training range is the consolidation of firing ranges and a 
slight shift in some of the buildings. Because this analysis was conducted using peak sound levels, this 
shift will not alter the noise footprint. Another change is a correction in the proposed use of simulators 
at the Anti-Terrorism Driving Course (D02), which is addressed in the Addendum to the Environmental 
Noise Assessment on the next page. Therefore, the 2012 noise analysis and the Addendum to the 
Environmental Noise Assessment represent the noise effects from Build Alternative 3.   
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ADDENDUM TO THE ENVIRONMENTAL NOISE ASSESSMENT 

This Addendum to the Environmental Noise Assessment updates the 2012 noise analysis to address a 
correction in the proposed use of simulators at the High Speed Anti-Terrorism Driving Course (D02) for 
Build Alternative 3. 

4.3 Predicted Peak Noise Levels for Simulators 

Simulators (flash bangs) are an explosive proposed for use in certain FASTC driver training and mock 
urban environment exercises. It is proposed that approximately 400 simulator events would occur on an 
annual basis at the Explosives Simulation Alley (E04) and 600 simulator events would occur at the High 
Speed Anti-Terrorism Driving Course (D02). The standard method to analyze these simulators is to 
compute the peak noise levels and determine the distances for risks of complaints. E04 is located in the 
southeast part of LRA Parcel 9 and D02 is located in the southwest and south central part of LRA Parcel 
9. BNOISE2 was used to compute peak noise levels to evaluate the risk of complaints from these 
events.                

Simulator noise levels would vary depending on the type (artillery, ground burst and grenade) but the 
variation is limited to a few decibels1. Table 17 provides an estimate of the distances from the source of 
a simulator event to the peak noise contours used to define the Moderate (115 to 130 dBP) and High 
(130 to 140 dBP) complaint risk areas for both unfavorable (PK15(met)) and average (PK50(met)) 
weather conditions. These guidelines for impulsive noise were indicated previously in Table 16.          

Table 17. Predicted Peak Noise Levels for Simulators  

 

The peak levels and complaint risk areas used to describe simulator noise are analogous to those used 
for demolition and large caliber operations (Figures 12 through 17). Simulator activity is assessed here, 
in terms of peak levels, for the Baseline and Proposed Action conditions.     

Baseline 

For the Baseline condition, Figures 12 and 15 respectively indicate moderate to low complaint risk in the 
area proposed for E04 and D02 due to Fort Pickett demolition and large caliber weapons operations. 
Currently, no simulator activity occurs in the areas planned for E04 or D02.   

Proposed Action 

For Proposed Action Alternative 1, range E04 is located in the northeast part of LRA Parcel 9, and D02 is 
located in the southwest and south central (see Figure 3). Simulator activity at E04 and D02 is expected 
to generate peak noise levels above 130 dB within 656 feet from the source for unfavorable weather 
conditions (PK15(met)) and within 520 feet from the source for average weather conditions 
(PK50(met)). These levels, which correspond to high complaint risk, are not expected to extend beyond 
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the eastern boundary of LRA Parcel 9 and therefore existing VAARNG buildings located near this 
boundary would be in a Moderate Complaint Risk Area when simulators are used. 

Peak levels above 130 dB from simulators at E02 and D02 may extend beyond the northern boundary of 
LRA Parcel 9, depending on simulator location, but are not expected to impact existing buildings located 
more than 660 feet from the simulators.  

For Proposed Action Alternative 2, E04 is located in the southeast part of LRA Parcel 9, with D02 in the 
same location as for Alternative 1 (see Figure 4). In this case, simulator peak levels above 130 dB from 
operations at E04 would not generally extend beyond the LRA Parcel 9 boundary unless simulators were 
used in the most southeastern part of E04 (within about 660 feet of the existing VAARNG MEDCOM or 
classroom buildings). Therefore operating simulators more than 660 feet away from these buildings 
would ensure they were located in a Moderate Complaint Risk Area, rather than in a High Complaint 
Risk Area. The Officer’s Club, another prominent existing building located just south of D02 is expected 
to be located in a Low to Moderate Complaint Risk Area when simulators are used for both Alternative 1 
and Alternative 2, provided simulator activity takes place more than 660 feet from this building.  
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Executive Summary 
 

The United States (U.S.) General Services Administration (GSA) is proposing to acquire land and develop 

a U.S. Department of State (DOS), Bureau of Diplomatic Security (DS) Foreign Affairs Security Training 

Center (FASTC) in Nottoway County, Virginia. The proposed location is near the town of Blackstone 

within and adjacent to the Army National Guard Maneuver Training Center Fort Pickett (Fort Pickett), 

which is operated by the Virginia Army National Guard (VAARNG). FASTC would be used to provide 

training for DS law enforcement and security personnel. Training would be conducted in the use of small 

caliber weapons, demolition, and evasive and tactical driving at planned facilities. These facilities, which 

would be fully operational in the year 2020, are expected to generate a mixture of continuous and 

impulsive noise.  

The purpose of this study was to predict the noise environment that would result from implementing 

the Proposed Action, the development of FASTC in Nottoway County. This study also determines 

whether there would be a change in the existing noise environment that may adversely impact the 

community.  

Noise results are provided for the three main types of FASTC activities: drive tracks and courses, 

demolition, and small caliber weapons training. Where applicable, these results are then compared and 

combined with the Baseline noise environment, defined as existing noise generated by Fort Pickett 

operations. The results are combined because under the proposed project the resulting noise 

environment would be both FASTC and Fort Pickett operations occurring simultaneously.  Fort Pickett 

operations are mainly due to demolition and large caliber weapons. Weapons are classified as large 

caliber if the associated rounds are greater than .50 caliber; otherwise they are classified as small 

caliber. This analysis was accomplished using training operations data provided by the DS and 

standardized computer models and methods of assessment.    

The study results show that, overall, the proposed FASTC training operations are predicted to generate 

limited additional noise exposure in the surrounding residential communities beyond the existing noise 

due to Fort Pickett. However, Blackstone residents are still likely to notice several changes to their noise 

environment if FASTC is implemented. First, there would be additional demolition operations, increasing 

the overall number of explosive events heard. But of these additional events, mainly the higher yield 

FASTC demolition operations (2 to 3 pound charges) would be noticed; the 3 pound demolition charges 

are expected to occur a total of 6 times per year during the daytime (and likewise the 2.23 pound 

charges are expected to occur 36 times per year during the daytime). These are much lower in number 

on an annual basis then existing Fort Pickett operations. For example, existing 105mm Howitzer firings 

occur 565 times per year during the daytime and 63 times per year during nighttime hours at just one 

gun site. Overall, Fort Pickett conducts a much larger number of firings by multiple high-caliber 

weapons. The higher yield FASTC demolition operations (2 to 3 pound charges) add up to 42 additional 

events per year. While the frequency of these proposed events is unknown, if they were spread out 
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evenly throughout the year, over a fifty week period, for example, then this would mean that Blackstone 

residents would be expected to hear about 1.2 additional demolition events per week with the 

Proposed Action.  

The second noticeable difference is that peak noise levels would increase in the immediate vicinity of 

the northwest boundary of Fort Pickett as a result of these FASTC demolition charges. This is predicted 

to occur because the FASTC demolition pads would be located closer to the western boundary of Fort 

Pickett than the existing operations, even though the FASTC operations have a lower acoustic output 

compared to most of the high caliber Fort Pickett weapons. Despite this increase in peak levels, the 

infrequency of these events would result in a low risk that residents in the surrounding communities 

would complain.       

Drive tracks and road courses  

Drive tracks and road courses were assessed in terms of hourly average sound levels and maximum 

sound levels. Noise criteria were determined from a review of the noise ordinances of several local 

jurisdictions as well as from the Noise Abatement Criteria (NAC) of the Federal Highway Administration 

(FHWA). The FHWA criteria, which was used for average sound levels, are that a noise impact occurs 

when the hourly average A-weighted sound level is 66 decibels (dBA) or higher. The study results show 

there would no noise impact beyond 70 feet from the centerline of the loudest track as well as from the 

skid pad locations where skid pad and car ramming exercises would occur.  

The local criteria used for maximum sound levels are that noise impacts occur when the maximum A-

weighted sound level (LAmax) is 65 dB or higher during the daytime or 55 dB or higher at night. The study 

results show there would be no noise impact beyond approximately 1,000 feet from the loudest track 

during the daytime, and 500 feet from the loudest track at night. Similarly for skid pad and car impact 

exercises, the study results show there would be no noise impact beyond 800 feet from the skid pads. 

Because of the distances to the nearest residential community of Blackstone, about one mile northwest 

of the drive tracks, none of the driving exercises would generate noise levels in residential areas that 

exceed either criteria.  

Demolition noise  

Demolition noise was evaluated two ways: first from a land use planning perspective with regard to 

compatibility with residential, commercial, or other types of development; and second, to identify 

where noise complaints are likely to occur.  The main observations, comparing the Proposed Action 

noise levels with the Baseline Fort Pickett levels (U.S. Army Public Health Command 2011)1, are that (1) 

noise exposure from FASTC proposed operations is concentrated in the northwest part of Fort Pickett, 

including the 21/20 Parcel (where the demolition pads are located), LRA Parcels 9 and 10, Grid Parcel, 

and the Blackstone Army Airfield and (2) this additional FASTC noise exposure only increases the 

combined noise environment (Baseline + Proposed Action) above the Baseline in this one area. 

Examining the noise exposure outside Fort Pickett in terms of compatible land use, the only noticeable 
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difference, between the Baseline and the combined action (Baseline + Proposed Action) occurs for the 

57 dB noise contour. In this analysis, average noise level contours define noise zones used to assess land 

use compatibility. The proposed addition of FASTC activities would generate a 57 dB contour that would 

extend just beyond the Fort Pickett boundary, directly north of the airfield, by approximately 650 feet. 

This would result in an extension of the Land Use Planning Zone (LUPZ) and Zone I, which are acceptable 

for noise sensitive land uses (e.g., housing, schools, and medical facilities). In addition, the area affected 

is mostly limited to the industrial zone, such that minimal additional incompatibilities in land use are 

expected to result with the introduction of FASTC operations. Noise exposure within Fort Pickett is also 

expected to increase with the most notable result being an increase in Noise Zone II (62-70 dB) 

extending over parts of Pickett Park, the 21/20 Parcel, Grid Parcel and the eastern part of LRA Parcel 9. 

There are a number of VAARNG buildings located east of Pickett Park and near the southern boundaries 

of LRA Parcel 9 and the Grid Parcel that would be located in Noise Zone II with the Proposed Action.         

Peak noise levels would also increase with the addition of FASTC demolition activity, but the complaint 

risk areas determined indicate that there is still expected to be a low risk of complaints from residents in 

the surrounding communities. Blackstone would still be well outside of the Moderate Complaint Risk 

area. However, this complaint risk area would extend to include several commercial and residential 

properties located north of the airfield; these include the Virginia Polytechnic Institute Agricultural 

Research and Extension campus and a single residence located on Virginia Tech property. Still, these 

properties would be located in a Moderate Complaint Risk area. For locations within Fort Pickett, there 

would be an expansion of the Moderate Complaint Risk areas associated with LRA Parcels 9 and 10 and 

the Blackstone Army Airfield and an expansion of the High Complaint Risk areas associated with LRA 

Parcel 9 and the Grid Parcel. Although there are VAARNG buildings located east of LRA Parcel 9 and 

south of the Grid Parcel, these areas are typically used by base personnel therefore complaint risk is 

expected to be lower than it would be for the general population. Likewise, simulator activity in LRA 

Parcel 9 is expected to have a low risk of complaints associated with these same VAARNG buildings.         

Small Caliber Weapons  

Small caliber weapons noise was evaluated for outdoor and indoor ranges separately using peak sound 

levels.  The single outdoor firing range (R05) is an existing range currently used by Fort Pickett. It is 

expected that FASTC training would use a similar mix of weapons as are currently being used by Fort 

Pickett; therefore, peak noise levels are not expected to change from the existing Baseline conditions. 

The indoor firing ranges include several different types of structures but design plans for these 

structures have not been finalized. For this analysis, a generic case was analyzed which assumed that the 

building construction of each indoor range is of the brick and mortar type, with a corresponding noise 

level reduction (NLR) value of 25 dB provided on the exterior of the building. For the proposed FASTC 

gun types, estimates were made of the exterior peak sound levels for two representative distances (328 

feet and 656 feet) and three azimuths (0°, 90° and 180°) from the firing position. Per AR 200-1 (U.S. 

Army 2007)2, small arms operations were analyzed using noise zone definitions, which define acceptable 

land uses. Estimates of the exterior peak sound levels (dBP) associated with the indoor ranges indicate 
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that all Zone II (87-104 dBP) and Zone III levels (> 104 dBP) are expected to remain within Fort Pickett. 

Additionally, the Zone III noise contour (> 104 dBP) is expected to remain relatively localized and within 

328 feet of the weapon position for all types of weapons, whereas the Zone II contours (87-104 dBP) 

extend farther out from the weapon position (approximately 656 feet).   

Occupational Noise Exposure  

Noise levels within Fort Pickett are not expected to change much in areas where there are existing 

operations; however, levels would increase in areas where new facilities are planned, especially in areas 

located away from existing operational sites. A concern for personnel working or training at these new 

facilities is that certain noise events may be of high enough intensity to damage unprotected hearing. To 

address this concern, an assessment of occupational noise exposure was conducted for all FASTC 

facilities to identify areas where personnel would potentially be at risk. The Federal Occupational Safety 

and Health Administration (OSHA) (U.S. Department of Labor 1981)3 has established decibel (dB) levels 

for hearing protection that include limits on “continuous” and “impulsive” noise exposure. For 

continuous noise, the 8-hour, time-weighted average level of 85 dBA was used, which corresponds to 

the limit for establishing a hearing conservation program. For impulsive noise, the OSHA criterion for 

unprotected occupational noise exposure is an unweighted peak level of 140 dB. OSHA noise evaluation 

of the driving exercises (which are treated as continuous sources) indicates that while the noise levels 

for individual car passes, skid pad exercises, and car ramming exercises would exceed 85 dBA at 

locations close to the tracks, because of the low number of proposed daily operations, the OSHA 8-hour 

TWA, in the vicinity of all tracks and courses, would be significantly less than the OSHA limit.  Demolition 

training and small arms training (which are impulsive sound sources) are expected to generate peak 

noise levels that exceed the OSHA criteria of 140 dBP at certain distances from each demolition or firing 

event. This is also true for simulators and other smaller explosives. Predicted distances to the 140 dB 

peak contour for each weapon are specified in the report, thus estimating the extent of the hazardous 

noise zone. A single unprotected exposure to loud gunfire can result in temporary hearing loss; repeated 

exposure to impulsive firearm noise can result in permanent noise-induced hearing loss. To be in 

compliance with OSHA 1910.953, it is expected that operators of the FASTC demolition ranges and firing 

ranges would provide hearing protection to personnel working and training at these sites during live 

operations. 
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List of Acronyms and Abbreviations 

ACUB  Army Compatible Use Buffer 
AMSL  Above Mean Sea Level 
AR  Army Regulation 
AVG  Average 
BNOISE2 Large Arms Noise Assessment Model 
CDNL  C-Weighted Day-Night Average Sound Level 
dB  Decibel 
dBA  A-Weighted Sound Pressure Level 
dBP  Peak Sound Pressure Level      
DGAC  Dense-Graded Asphaltic Concrete 
DNL  Day-Night Average Sound Level 
DOD  Department Of Defense 
DOS  Department of State 
DS  Bureau of Diplomatic Security 
FASTC  Foreign Affairs Security Training Center 
FHWA  Federal Highway Administration 
GSA  General Services Administration 
HCA  Hearing Conservation Amendment 
Hz  Hertz 
IED  Improvised Explosive Device 
LAeq1h  Hourly Average A-Weighted Sound Level 
LAFMAX  Maximum A-Weighted Fast-Response Sound Level 
LAmax  Maximum A-Weighted Sound Level 
LUPZ  Land Use Planning Zone 
MAX  Maximum 
MIN  Minimum 
mm  Millimeter 
MPH  Miles per Hour 
NAC  Noise Abatement Criteria 
NEW  Net Explosive Weight 
NLR  Noise Level Reduction 
OGAC  Open-Graded Asphaltic Concrete 
OSHA  Occupational Safety and Health Administration 
PCC  Portland Cement Concrete 
PEL  Permissible Exposure Limit 
PK15  Peak Sound Level Exceeded 15 Percent of the Time 
PK50  Peak Sound Level Exceeded 50 Percent of the Time 
REMEL  Reference Energy Mean Emission Level 
SARNAM Small Arms Range Noise Assessment Model 
SI  International System of Units  
TNM  Federal Highway Administration’s Traffic Noise Model 
TWA  Time Weighted Average 
USAPHC U.S. Army Public Health Command 
VAARNG Virginia Army National Guard 
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1 Introduction 

1.1 Purpose 

This noise analysis is one of the environmental studies being conducted to support the U.S. General 

Services Administration, Environmental Impact Statement for the Department of State, Bureau of 

Diplomatic Security (DS), Foreign Affairs Security Training Center (FASTC). The United States (U.S.) 

General Services Administration (GSA) is proposing to acquire land and develop a U.S. Department of 

State (DOS), Bureau of Diplomatic Security (DS) Foreign Affairs Security Training Center (FASTC) in 

Nottoway County, Virginia. The proposed location is near the town of Blackstone within and adjacent to 

the Army National Guard Maneuver Training Center Fort Pickett (Fort Pickett), which is operated by the 

Virginia Army National Guard (VAARNG). FASTC would be used to provide training for DS law 

enforcement and security personnel. This would involve training in the use of small arms weapons and 

demolition as well as driver training on paved tracks and off-road courses. The purpose of this study is to 

estimate the noise levels associated with these training activities to determine if the proposed siting of 

FASTC would adversely impact the communities surrounding Fort Pickett or personnel working or 

training at Fort Pickett.                 

FASTC training includes a variety of exercises and operational events which would combine to form a 

complex noise environment. For instance, driver training exercises on paved tracks would include 

multiple cars travelling at speeds of up to 100 mph on certain parts of the track. Other related driving 

exercises would involve controlled skidding and car ramming. On one of the urban drive tracks, flash 

bangs would be used to create an environment where simulated improvised explosive devices (IED) are 

used. These noise sources related to driver training have different characteristics; whereas the flash 

bangs are impulsive, high-amplitude events, car driving on the paved tracks is better classified as 

continuous noise, and car skidding and ramming tests are short duration events (i.e., neither impulsive 

nor continuous). Added to these driving exercises would be small arms training at both indoor and 

outdoor facilities and demolition training, which are impulsive, high-amplitude operations. All of these 

operations are expected to generate a varied and complex noise environment.         

Because there is no single noise assessment methodology which combines impulsive and continuous 

noise sources, the various FASTC training exercises were modeled separately depending on whether the 

noise from these exercises is normally characterized as impulsive, high-amplitude (such as gun fire or 

demolition operations) or as continuous (car driving). Industry standard computer noise models were 

used to predict the noise exposure due to all FASTC training operations. Where applicable, the noise 

from FASTC operations were compared (and integrated) with the existing Fort Pickett Baseline noise 

environment recently estimated by the U.S. Army Public Health Command (USAPHC) (USAPHC 2011)1. 

The results are combined because under the proposed project the resulting noise environment would be 

both FASTC and Fort Pickett operations occurring simultaneously.  To compare both results and 

determine the overall noise environment for the Proposed Action (Fort Pickett Baseline + proposed 

FASTC), the FASTC analysis uses noise assessment methodologies identical to those used by the USAPHC.                 
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This report contains the following sections: a description of the noise metrics and models used (section 

1), FASTC training facilities and operations (section 2), and noise evaluation for the drive tracks, 

demolition, and small caliber weapons operations (in sections 3-5, respectively). Section 6 provides an 

occupational noise exposure assessment for personnel who would be working or training at FASTC 

facilities.      

1.2 Noise Environment and Metrics 

Noise represents one of the most prominent environmental issues associated with military training 

operations. The noise environment at military installations, such as Fort Pickett, includes different types 

of noise sources that can either be classified as continuous noise (e.g., on-base vehicular traffic and 

aircraft operations), or impulsive noise (e.g., weapons firing or detonation of explosives). Not all of these 

noise sources are directly associated with military training, such as civilian vehicular traffic or building 

HVAC system noise. However, the noise environment on military bases is typically dominated by military 

training operations. 

The noise environment at Fort Pickett is dominated by impulsive noise events ranging from demolition 

testing, large-caliber weapons firing, and small arms firing and, to a lesser extent, by continuous noise 

including vehicular traffic. Some of the loudest munitions used by Fort Pickett include mortars (up to 

120 mm high explosive) and Howitzer firings (up to 155 mm high explosive). The proposed FASTC 

training facilities at Fort Pickett would also include demolition testing and small arms firing as well as 

driving exercises. The loudest FASTC training events would be 3 pound demolition charges which, in 

comparison to the loudest VAARNG operations, have a smaller net explosive weight (NEW) and acoustic 

output. The proposed FASTC demolition operations are also expected to be significantly lower in 

number than the existing VAARNG demolition and large caliber weapon operations.  

Humans perceive and react differently to impulsive and continuous noise events depending on the level 

as measured in decibels (dB), frequency, and duration of the event. Also, the threshold of hearing 

damage for unprotected personnel is different for impulsive noise than it is for continuous noise. 

Because of the difference in human response to these types of noise events, military operational noise is 

assessed using several different noise metrics. The two most commonly used metrics are the Day-Night 

Average Sound Level (DNL) and the Peak Sound Pressure Level (dBP).    

The DNL is a federally-recommended noise measure used for assessing cumulative sound levels that 

account for the exposure of all noise events in a 24-hour period. DNL is an average sound level, 

expressed in dB. DNL is related to compatible/incompatible land uses and does not directly relate to any 

singular sound event a person may hear; it includes a 10 dB penalty for nighttime noise events. Daytime 

is defined as the period from 7:00 a.m. to 10:00 p.m., and nighttime is the period from 10:00 p.m. to 

7:00 a.m. the following morning. The 10 dB penalty accounts for the generally lower background sound 

levels and greater community sensitivity to noise during nighttime hours.  
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To accurately assess the impacts on humans to these different types of noise events, the DNL metric is 

used along with different weighting factors that emphasize certain parts of the audio frequency 

spectrum. The normal human ear detects sounds in the range from 20 hertz (Hz) to 20,000 Hz, but is 

most sensitive to sounds in the 1,000 to 4,000 Hz range; the hertz is the International System of Units 

(SI) unit of frequency defined as the number of cycles per second of a periodic phenomenon. 

Community noise is often assessed using a filter called an “A-weighting” filter that approximates the 

frequency response of the human ear, adjusting low and high frequencies to match the sensitivity of the 

ear. This “A-weighting” filter is used to assess most community noise sources, including vehicular traffic 

and aircraft noise. However, for community sounds that are impulsive and contain significant low 

frequency energy, such as large-caliber weapon firings or explosive detonations, a weighting filter called 

“C-weighting” is used, which includes more low frequency noise than does the A-weighting filter.  

The dBP is the highest instantaneous, unweighted sound level over any given time period. It is also used 

to quantify impulsive, short duration events such as a large-caliber and small arms weapon firing and 

explosive detonation. High peak sound levels can generate complaints from people in the local 

community. Peak sound levels can vary significantly due to varying weather conditions. Therefore, 

computer models used to predict peak levels account for this variation by using the PK15 metric. PK15 is 

the peak sound level, factoring in the statistical variations caused by weather, that is likely to be 

exceeded only 15 percent of the time (i.e., 85 percent certainty that the sound would be within this 

range). For average weather conditions, without significant variations, the PK50 metric can be used. This 

metric is the peak sound level that is likely to be exceeded 50 percent of the time.        

In this analysis, and to be compatible with USAPHC’s recent Baseline noise analysis for Fort Pickett1, 

range noise was assessed using the Department of Defense (DoD) recommended noise metrics for Army 

Installations. Small arms noise was assessed using the peak sound level PK15. Large caliber weapon (Fort 

Pickett Baseline) and demolition noise, which includes low frequency noise components, was assessed 

using the C-weighted DNL (CDNL) as well as the PK15 and PK50 metrics. Besides the small arms weapon 

firing and demolition activity, FASTC would generate community noise from the various driving 

exercises. These were evaluated using hourly average and maximum sound levels, expressed in dBA, 

along with acceptable criteria for residential land use.    

1.3 Computerized Noise Exposure Models 

BNOISE2 (U.S. Army Construction Engineering Research Laboratories 2009)5 is the standard DoD model 

used in this analysis to compute the PK15, PK50 and CDNL metrics for large caliber weapons and 

demolition operations. Primary inputs to BNOISE2 are the range firing and target point coordinates, 

munitions type, and number of daytime and nighttime rounds or operations. BNOISE2 accounts for 

weather and the effects of any land-water boundaries.    

The DoD standard model for assessing noise from small arms range operations is SARNAM (U.S. Army 

Construction Engineering Research Laboratories 2003)6. SARNAM was used in this analysis to compute 
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the peak sound level (PK15) based on the range design (geographic location, number of targets, and 

direction of fire), weapons and ammunition used. 

The Federal Highway Administration’s (FHWA) Traffic Noise Model (TNM) (Federal Highway 

Administration 2004)4 and associated Reference Energy Mean Emission Level (REMEL) data were used to 

predict the sound levels for the driving exercises. Average and maximum A-weighted sound levels were 

estimated for the proposed car operations on each of the drive tracks and courses.        

Based on the FASTC operations data obtained from study team members, these models were exercised 

to develop noise exposure contours for the metrics identified above. CDNL contours define noise zones 

used to assess land use compatibility; peak level contours similarly define noise zones used to assess 

complaint risk. These noise contours are shown in sections 3-5 of this report.   
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2 FASTC Training Facilities and Proposed 

Operations 
This section provides a description of the proposed FASTC training facilities and operations that are the 

focus of this noise study, including an overview of the entire training complex and details about each 

facility such as its primary use and proposed operations. FASTC would become fully operational by the 

year 2020.          

To model the noise environment for the FASTC training exercises, operations data were collected for 

each of the exercises, including: demolition training, munitions utilization at small arms ranges, and 

several types of driving exercises. Driver training would include high-speed driving on paved tracks and 

driving at lower speeds on urban and off-road courses. Driving exercises on the paved tracks would also 

include car skid and car impact (ramming) events. Urban driving at Explosives Simulation Alley would 

include simulators used at various points along the course.    

All operations data were collected from project team members during the first few months of the study. 

These data were organized in a Data Validation Package (Blue Ridge Research and Consulting 2012)7, 

which was reviewed by project team members and finalized prior to starting the noise analysis.        

The following sections provide a description of the study area and the FASTC training operations that are 

expected to occur when each facility is fully operational.   

2.1 FASTC Site Plans 

The proposed site of the FASTC training complex is located on the Fort Pickett, Virginia Army National 

Guard Maneuver Training Center (Fort Pickett) and on Pickett Park, in Nottoway County, Virginia, 

approximately 60 miles southwest of Richmond. Figure 1 depicts the Fort Pickett installation and 

surrounding areas, which consist primarily of rural land. The town of Blackstone, Virginia is the closest 

population center, located less than two miles west of Fort Pickett (Figure 2). All figures indicate the Fort 

Pickett boundary using either a grey border (as in Figure 1) or a blue border (Figure 2). The Proposed 

Action would locate the FASTC training facilities on four parcels of land (Figure 1), LRA 9 & 10, Grid 

Parcel, and 21/20 (EIS Alternatives 1 and 2 2012)8.  Facilities are located in these parcels such that a 

buffer is provided between the expected noisiest training activities, occurring in the 21/20 Parcel, and 

the nearby town of Blackstone.  
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Figure 1. Fort Pickett Site Map with Proposed FASTC Land Parcels. 



Final Noise Study for the Foreign Affairs Security Training Center at Fort Pickett, Virginia  

August 2012 

 

 Blue Ridge Research and Consulting, LLC – 15 W. Walnut St., Suite C, Asheville, NC 28801 – Phone: (828) 252-2209  14 

 

Figure 2. Proposed FASTC and Town of Blackstone, Virginia. 

This analysis considers two build alternatives for the FASTC complex, referred to as Alternative 1 and 

Alternative 2. Build Alternative 1 is shown in Figure 3 with the different types of facilities identified using 

colored labels; blue (drive tracks and courses), red (demolition areas) and orange (firing ranges). Build 

Alternative 2 is similar to Alternative 1 with the exception that demolition facilities E02, E04, E05b and 

E05c/d and driving facilities D03 and T02 are relocated as indicated in Figure 4; this change in the range 

layout is the only major difference between the two alternatives’ noise source locations. Facility 

operations, which are described in the following sections, are identical for both alternatives.       
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Figure 3. FASTC Build Alternative 1 Facility locations. 

 

Figure 4. FASTC Build Alternative 2 (same as Alternative 1 but with E02, E04, E05b, E05c/d, D03 and T02 relocated). 
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2.2 Drive Tracks 

2.2.1 High-Speed Driving Exercises 

There are three High-Speed Anti-Terrorism Drive tracks as indicated in Figure 3. For training purposes, 

each track is divided into several sections where individual maneuvers are performed. The vehicle 

counts provided for each track in Table 1 are indicative of the number of trips around the track 

necessary to impart skills for protective security driving, attacks on principal, etc. The maximum number 

of cars on any track at one time is 9 and each car is estimated to make 30 trips around the track on the 

average day; this is a total of 270 trips around each track (or vehicle passes) per day7. Vehicle speeds 

would vary but can be up to 100 mph. No nighttime activities are proposed.     

Table 1. High-Speed Driving Exercises 

 

Three other types of training events occur as part of the high-speed driving exercises; artillery simulator 

(flash bang) detonations, controlled car skids and car impacts or ramming of other cars. The proposed 

annual operations for these events are shown in Table 2 through Table 4, along with the event locations 

near each track, and the daytime and nighttime percentage of operations.        

Table 2. Flash Bang (Artillery Simulator) Events 

 

 

Speed (mph)          Average Daily Vehicle Count

Avg Min Max Day (0700-2200) Night (2200-0700)

Driver Training  

Exercise
     Vehicle Location

D02 High-Speed Anti-

Terrorism Driving 

(Track 1)

D02 High-Speed Anti-

Terrorism Driving 

(Track 2)

D02 High-Speed Anti-

Terrorism Driving 

(Track 3)

0100 270

0

Continuous around track 50 25 100 270 0

Continuous around track 50

Continuous around track 50

25 100 270

25

               Flash Bang Locations

Latitude (° N) Longitude (° W)

37.05751 77.95597

     Explosive Type
Total Events 

Forecast Year

Daytime %        

0700-2200
Flash Bang  Events

77.95759

D02 (Track 1)   

Western

D02 (Track 2)      

Center

37.05477

37.05248

D02 (Track 3)    

Eastern

100

100

100200

0

0

0

Nighttime %     

2200-0700

20077.96599

CTS 7290               
Mini-Bang Pyrotechnic

CTS 7290               
Mini-Bang Pyrotechnic

CTS 7290               
Mini-Bang Pyrotechnic

200
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Table 3. Skid Pad Exercises (controlled car skids) 

 

Table 4. Car Impact Exercises 

 

 
All of the operations listed in Table 1 through Table 4 are associated with the high-speed drive tracks 

and therefore were grouped together. But these operations do not all generate similar types of noise 

and their assessment requires the use of different metrics. For example, noise from high-speed cars 

were treated as steady state and assessed using A-weighted levels (maximum and average), whereas 

simulator noise, which is impulsive, was assessed using peak levels. Sections 3-5 describe the methods 

of noise assessment used for each type of training exercise.      

2.2.2 Mock Urban Tactical Training  

Several types of car driving exercises are conducted in simulated urban areas. Table 5 shows the 

operations associated with Mock Urban Drive Tracks (T02 and D03 in Figure 3) and the Simulation Alley 

Drive Track (E04 Urban); operations are also indicated for the nearby Rural Drive Course (E04 Rural). 

Average daily operations for tracks T02 and D03 are based on 6 cars per exercise, each traveling through 

the course, and estimating a maximum of 6 exercises per day (36 total)7. For both the Simulation Alley 

Track (E04 Urban) and the rural course (E04 Rural), there would be an estimated two exercises per day, 

each with 6 cars traveling through the course. For all of these tracks, vehicle speeds are estimated to 

range from 15 to 50 mph7.  No nighttime activities are proposed. 

 

                  Skid Pad Location

Latitude (° N) Longitude (° W)

37.05681 77.96789

37.05758 77.95868

D02 Skid Pad       

(Track 1)

Skid Pad  Exercises

D02 Skid Pad        

(Track 2)
0

100 037.05739 77.95744
D02 Skid Pad        

(Track 3)
300

300 100

Total Events 

Forecast Year

Daytime %        

0700-2200

300 100 0

Nighttime %     

2200-0700

             Car Impact Locations

Latitude (° N) Longitude (° W)

D02 (Track 1)          

Skid Pad

D02 (Track 2)          

Skid Pad

Car Impact  Events

0

100 0

100 0

100

Daytime %        

0700-2200

Nighttime %     

2200-0700

D02 (Track 3)           

Skid Pad

150

150

15037.05740

77.96789

77.95867

77.95744

Total Events 

Forecast Year

37.05681

37.05758
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Table 5. Mock Urban and Rural Drive Course Exercises 

 

 

2.2.3 Off-Road and Unimproved Road Driving Exercises 

Table 6 shows the operations associated with the off-road (DO5) and unimproved road (DO4) courses.  

Vehicle speeds are estimated to range from 20 to 50 mph. Twenty-five percent of the total daily 

operations on these courses are nighttime operations7.                    

 
Table 6. Off-road and Unimproved Road Driving Exercises 

 

 

 

 

 

Speed (mph)          Average Daily Vehicle Count

Avg Min Max Day (0700-2200) Night (2200-0700)

20

Driver Training  

Exercise
Vehicle Location

T02 Mock Urban 

Tactical Training Area 

(Driving)

Continuous around track 35

D03 Mock Urban 

Driving Track
Continuous around track 35 20 50 36 0

50 36 0

0

E04 Rural Drive 

Course
Continuous around track 35 20 50 12 0

E04 Urban          

Driving Track
Continuous around track 25 15 40 12

Speed (mph)          Average Daily Vehicle Count

Avg Min Max Day (0700-2200) Night (2200-0700)

Driver Training  

Exercise
Vehicle Location

4

D04 Unimproved 

Road Driving Course
Continuous around track 35 20 50 12 4

D05 Off-Road    

Driving Course
Continuous around track 35 20 50 12
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2.3 Demolition Facilities 

Five demolition training facilities are proposed, including the Explosives Demo Range (E02), Post Blast 

Training Range (E03), Explosives Simulation Alley (E04), Explosives Breaching House (E05b) and 

Explosives Breaching Walls (E05c/d). These facilities accommodate explosives ranging in size from flash 

bangs (4.5 grams) up to 3 pound charges7. The primary modeling parameters are the number of 

operations by type of munitions and the geographic location of each facility, shown in Tables 7 and 8.   

For each explosives range, Table 7 lists the explosive type, number of annual rounds and the percentage 

of daytime and nighttime operations. The higher-weight explosives (1-3 pound charges) would be used 

on ranges E03 and E05c/d, whereas the lower-weight explosives (less than 1 pound charge) would be 

used on ranges E02, E04, and E05b. Table 8 shows the demolition range locations in Latitude and 

Longitude coordinates. Explosives Simulation Alley (E04) has three locations defined where flash bangs 

would be used. Ranges E02, E03 and E04 would have explosives detonated on a pad, at ground level, 

whereas the detonation points for the Explosive Breaching House and Walls (E05b and E05c/d) are 

expected to be located on building elements (i.e., doors or walls) at a height estimated at 3.3 feet (1 

meter) above ground. Sites E02, E05b and E05c/d would be relocated for Alternative 2.    

Table 7. Demolition Operations 

 

Table 8. Demolition Range Geographic Coordinates 

 

EO2 EO3 EO4 EO5b EO5c/d

Black Powder, 2 oz 312 100 0 312 0 0 0 0

C4 / C2 Detasheet, 1 / 10 lb 156 100 0 156 0 0 0 0

C4 / C2 Detasheet, 1 / 8 lb 433 100 0 433 0 0 0 0

C4 / C2 Detasheet, 1 / 7 lb 156 100 0 156 0 0 0 0

C4 / C2 Detasheet, 1 / 5 lb 18 100 0 18 0 0 0 0

C4 / C2 Detasheet, 1 / 4 lb 424 100 0 424 0 0 0 0

C4 / C2 Detasheet, 1 / 3 lb 238 100 0 238 0 0 0 0

Cast Booster, 1 / 2 lb 493 100 0 493 0 0 0 0

C4 / C2 Detasheet, 1 lb 54 100 0 0 54 0 0 0

C4 / C2 Detasheet, 1 1 / 4 lb 30 100 0 0 30 0 0 0

C4 / C2 Detasheet, 1 1 / 2 lb 9 100 0 0 3 0 0 6

C4 / C2 Detasheet, 3 lb 6 100 0 0 6 0 0 0

C6 (0.25 in), 2.23 lb 36 100 0 0 0 0 0 36

C6 (0.25 in), total of 0.62 lb 60 100 0 0 0 0 60 0

Flash Bangs (4.5 grams) 400 100 0 0 0 400 0 0

FASTC Annual Total 2825

Type of Explosives
Total Annual 

FASTC Rounds

Daytime                 

0700-2200             

%

Nightime               

0700-2200                   

%

         Total Annual Rounds Distributed By Explosives Training Area

                          Range Coordinates

EO2 1 Explosives Demo Range 37.06403 77.93287 0

EO3 1 & 2 Post Blast Training Range. 37.06773 77.93399 0

1 & 2 37.06012 77.95224 0

1 & 2 37.06027 77.95454 0

1 & 2 37.06028 77.95060 0

EO5b 1 Explosives Breaching House 37.06709 77.92608 3.3

EO5c/d 1 Explosives Breaching Walls 37.06686 77.92608 3.3

EO2 2 Explosives Demo Range 37.06758 77.92853 0

EO5b 2 Explosives Breaching House 37.06232 77.93330 3.3

EO5c/d 2 Explosives Breaching Walls 37.06256 77.93329 3.3

Longitude (° W)
Height             

(feet)

Alternative

Explosives Simulation AlleyEO4 

Explosives Range Description
Latitude (° N)
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2.4 Firing Ranges 

There are five small arms ranges proposed which include one existing outdoor range (R05) and four 

indoor ranges (R02, R03a, R03b and R04). These ranges accommodate small-caliber weapons such as 

shotguns, rifles, and pistols. Table 9 indicates the daytime operations by gun type that would occur on 

each range; no nighttime operations are proposed7.     

Table 9. Firing Range Operations 

 

 
The small arms range-modeling parameters, used to define the range’s geographic location, dimensions, 

and orientation, are shown in Table 10. Included for each range are the firing location (latitude, 

longitude and height above ground), azimuth from the first firing point to the target point, distance 

between firing and target points, number of firing lanes, and lane spacing. 

  

SMALL ARMS (Munitions Utilization)

R02 - Indoor Firing Ranges Handgun       .357 magnum 190,000 100 0

Handgun       9 mm 190,000 100 0

Handgun       .40 cal 190,000 100 0

Rifle               5.56 mm 190,000 100 0

Sub-machine gun 9 mm 190,000 100 0

Sub-machine gun .40 cal 190,000 100 0

Sub-machine gun .45 cal 190,000 100 0

Shotgun 12 gauge 190,000 100 0

R03a - Live Fire Shoot House (1 story) Handgun       .357 magnum 190,000 100 0

Handgun       9 mm 190,000 100 0

Handgun       .40 cal 190,000 100 0

Rifle               5.56 mm 190000 100 0

R03b - Live Fire Shoot House (2 story) Handgun       .357 magnum 190,000 100 0

Handgun       9 mm 190,000 100 0

Handgun       .40 cal 190,000 100 0

Rifle               5.56 mm 190000 100 0

R04 - Baffled Indoor Tactical Combat Range Handgun       .357 magnum 190,000 100 0

Handgun       9 mm 190,000 100 0

Handgun       .40 cal 190,000 100 0

Rifle               5.56 mm 190,000 100 0

Sub-machine gun 9 mm 190,000 100 0

Sub-machine gun .40 cal 190,000 100 0

Sub-machine gun .45 cal 190,000 100 0

Shotgun 12 gauge 190,000 100 0

R05 - Existing Outdoor Rifle Range Handgun       .357 magnum 190,000 100 0

Handgun       9 mm 190,000 100 0

Handgun       .40 cal 190,000 100 0

Rifle               5.56 mm 190,000 100 0

Sub-machine gun 9 mm 190,000 100 0

Sub-machine gun .40 cal 190,000 100 0

Sub-machine gun .45 cal 190,000 100 0

Shotgun 12 gauge 190,000 100 0

Range/Facility Weapon Type
Total Annual 

Rounds

Daytime 

0700-2200 

%

Nighttime 

2200-0700 

%
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Table 10. Firing Range Modeling Parameters 

 

 
The munitions operations and range modeling parameters in Tables 9 and 10 are part of the noise 

model inputs for SARNAM. In Section 5, small arms noise is assessed using different methodologies for 

outdoor and indoor ranges. SARNAM is normally used to model outdoor ranges. For indoor ranges, 

estimates were made of the exterior noise levels using common structural noise reduction values and 

the methodology recommended by the USAPHC.       

 

  

SMALL ARMS (Range Coordinates/Parameters)
   Firing Location (leftmost firing point) Azimuth from

1st Firing Point

to 1st Target Point

(° clockwise from North)

R02 - Indoor Firing Range (4 Ranges Total) 37.05818 77.92956 3.3 10.9 164 100 1.6

R03a - Live Fire Shoot House (1 story) 37.05598 77.92779 3.3 360 82 6 16

R03b - Live Fire Shoot House (2 story) 37.05639 77.92727 3.3 360 98 9 16

R04 - Baffled Indoor Tactical Combat Range (3 Ranges Total) 37.06159 77.92832 3.3 90 492 90 1.6

R05 - Existing Outdoor Rifle Range 37.05920 77.92457 3.3 101 985 33 16

Range/Facility Height 

(feet)
Longitude (° W)Latitude (° N)

Distance       

Firing Point   

to Target 

Point (feet)

Firing   

Lanes          

#

Lane  

Spacing      

(feet)
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3 Drive Track Noise Evaluation 
This section describes the noise analysis conducted for automobile operations on the FASTC drive tracks 

and road courses. The modeling parameters for these tracks and courses were defined in detail in 

section 2. To summarize, this project has nine separate tracks and courses including three High-Speed 

Anti-Terrorism Driving Tracks (DO2 tracks 1, 2, and 3), Mock Urban Tactical Training Area Drive Track 

(T02), Mock Urban Driving Track (D03), Urban Driving Track (E04), Rural Driving Track (E04), Unimproved 

Road Course (D04) and Off-Road Course (D05). Only common street automobiles would use each track 

and course. This analysis follows guidelines recommended by FHWA and uses noise criteria from local 

jurisdictions.  Maximum and hourly average sound levels are estimated for all driving exercises.  

3.1 Noise Level Criteria 

The project is located near the town of Blackstone, Virginia.  Although there is a noise ordinance in this 

jurisdiction, that ordinance is what is commonly referred to as a “nuisance” ordinance in that it does not 

provide numerical noise level limits. In order to provide reference points for commonly-accepted criteria 

in environmental noise, a survey of nearby ordinances was undertaken. The following nearby 

jurisdictions also have nuisance-type ordinances: 

• Altavista 
• Amherst County 
• Bedford County 
• Blackstone 
• Brunswick County 
• Chesterfield County 
• Franklin 
• Lawrenceville 
• South Boston 
• South Hill 
• Suffolk 
 
The following is a summary of the noise level limits for many jurisdictions near Blackstone which have 

numerical limits. All of these limits are in terms of the maximum A-weighted sound level, although the 

response time might vary between slow and fast, depending on specific conditions listed in the 

ordinance. The land near Fort Pickett appears to be mostly agriculturally zoned with some residential 

areas. Some of the noise ordinances only have requirements for residential zones, while others have the 

same requirements for both residential and agricultural zones. Most of the ordinances limit noise levels 

anywhere on residential zones while some limit noise levels inside residences as well. Each ordinance 

that lists different requirements for different zoning classifications has the strictest limit for residential 

zones.   
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For brevity, only the residential limit is presented. 

   Daytime definition  Daytime (nighttime) residential limit 
Accomack County 7:01 am to 9:00 pm  65 dB outdoors (55 at night) 
Emporia  7 am to 10 pm   65 dB indoors (55 at night) 
Franklin County  7 am to 11:30 pm  67 dB outdoors (62 at night) 
Petersburg  7 am to 10 pm   65 dB outdoors (55 at night) 
   (am Weekends and Holidays) to 10 pm 65 dB outdoors (55 at night) 
Richmond  7 am to 11 pm   65 dB indoors, 75 dB outdoors 
       (55 indoors & 65 outdoors at night) 
 
The strictest of the daytime noise ordinance limits in residential zones are maximum A-weighted sound 

levels of 65 dB during the day and 55 dB at night outdoors. These criteria were used in the analysis of 

maximum sound levels. 

Another common set of criteria for automobile noise are the Noise Abatement Criteria (NAC) of the 

FHWA (Federal Highway Administration 1982)9. While these criteria are not binding for this project, they 

form a useful reference. The criterion for residential land uses is that when the hourly average A-

weighted sound level (LAeq1h) approaches or exceeds 67 dB a noise impact occurs. State departments 

of transportation implement the criteria and most states define “approach or exceed” to mean that a 

noise impact exists when the hourly average A-weighted sound level is 66 dB or higher. This criterion 

was used in the analysis of hourly average sound levels. 

3.2 Drive Track Operations Summary 

Operations on the nine tracks and courses used for noise modeling purposes are summarized in Table 

11. The speeds listed below are the minimum, average, and maximum speeds estimated for the tracks 

and courses. 

Table 11. Summary of Drive Track and Course Operations 

 

 

Track / Course Cars / day (0700-2200) Max Cars / Hr Cars at a time Speeds (mph)

D02 Track 1 270 72 9 25,50,100

D02 Track 2 270 72 9 25,50,100

D02 Track 3 270 72 9 25,50,100

T02 36 12 6 20,35,50

D03 36 12 6 20,35,50

E04 Urban 12 6 6 15,25,40

E04 Rural 12 6 6 20,35,50

D05 Off-Road 12 (plus 4 night) 6 day, 4 night 9 (4 at night) 20,35,50

D04 Unimproved 12 (plus 4 night) 6 day, 4 night 9 (4 at night) 20,35,50
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3.3 Analysis Methodology 

The FHWA developed TNM4 over many years. This is a computerized noise model which predicts 

average sound levels due to roadway traffic. During the development of this model, vehicle noise levels 

were measured at a distance of 50 feet from the centerline of the lane of travel. From these data, the 

Reference Energy Mean Emission Levels (REMEL) (Federal Highway Administration 1995)10 were 

developed. The REMEL values can be taken as the maximum sound levels which would be measured as a 

vehicle passes by with a sound level meter set on fast response (eight samples per second integration 

rate). This sound level meter setting produces slightly higher sound levels than does the slow response 

(one sample per second integration rate). Although not all noise ordinances specify the fast response 

setting, it is conservative to use this setting, and it is straightforward to use the REMEL data in 

calculations. 

The FHWA document which describes the development of the REMEL data10 provides equations to 

determine REMELs as a function of vehicle type, pavement type, vehicle speed, and sound frequency 

using one-third octave frequency bands. Since automobiles would predominantly be used on the FASTC 

tracks and courses, as opposed to other vehicle types, the REMEL data for automobiles were used in this 

analysis. The pavement types included in the REMEL data are Portland Cement Concrete (PCC), Dense-

Graded Asphaltic Concrete (DGAC), an average of PCC and DGAC, and Open-Graded Asphaltic Concrete 

(OGAC). It was assumed that the paved roads for this project would have asphaltic concrete. Since data 

are not available for dirt roads, the most common form of asphaltic concrete pavement, DGAC 

pavement, was used in the analysis for unimproved and off road tracks. To provide supplemental 

information, sound levels were also calculated for PCC pavement. Each of the speeds listed in Table 11 

were considered in the analysis.  In the calculation of maximum sound levels, it was assumed that all of 

the cars operating at once would be approximately in the same location. This assumption is the 

maximum scenario because in reality not all cars would be the same distance from the evaluation point. 

Also, it was assumed that sounds from other tracks, which might be in use at that instant, are negligible. 

The REMELs were calculated for each one-third octave frequency band. Based on these values, octave 

band sound levels were determined. 

When modeling sound propagation it is useful to know the height at which the noise is generated. Based 

on the REMEL document10, for modeling sound propagation from automobiles the sound can be 

assumed to be radiating from a combination of 0 and 1.5 meters (5 feet) above the ground. The ratio of 

the sound energy at each of these heights is a function of vehicle type and speed. To be conservative, 

and for simplicity, it was assumed in this analysis that all sound is generated 5 feet above the ground. 

In order to predict sound levels in the community the Sound Propagation Model for Outdoor Sources 

(Power Acoustics 2002) SPM9613 Version 2.0 was used. This computer program takes octave band 

sound power levels as the input and outputs the octave band and A-weighted sound pressure levels. The 

sound power level is the total amount of sound energy emitted by a sound source in all directions, and 

the sound pressure level is simply the sound level at a specific location. Sound power levels were 

inferred from the REMEL data. This computer model is directly based on the standard: ISO 9613-2:1996 
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“Acoustics – Attenuation of sound during propagation outdoors – Part 2: General Method of Calculation 

(International Standards Organization 1996)12.” The procedures contained in this standard are the most 

widely used method for predicting sound propagation outdoors in computer models. ISO 9613 predicts 

the long-term average downwind sound level during conditions favorable to sound propagation, 

including mild temperature inversions. In this way, the noise model is somewhat conservative with 

respect to atmospheric conditions. This model also factors in whether the ground is acoustically 

reflective (hard) or sound-absorptive (soft). For this analysis, the ground at the automobile (pavement) 

was modeled as hard, while the ground at all community locations (grass or field) was modeled as soft. 

Also, topography was not modeled in this analysis (i.e., the ground was assumed to be flat); the ground 

elevation in the study area was examined and the changes in elevation indicate that this is a reasonable 

assumption. Neither do these estimates include the potential moderating effects of vegetation on sound 

propagation. 

3.4 Driving Exercise Hourly Average Noise Levels 

In this section hourly average noise levels are computed for the drive track, skid pad and car impact 

operations. In section 3.5, maximum A-weighted noise levels are computed for these same operations. 

Drive Track Hourly Average Noise Levels 

The tracks and courses would not have many cars traveling each hour. As such, the analysis 

methodology for average sound levels was simplified. As indicated in Table 11, the worst conceivable 

(though quite unlikely to occur) case is when the following car operations occur during the same hour: 

• 72 cars traveling 100 mph on each of the D02 tracks (1-3) 
• 12 cars traveling 50 mph on tracks T02 and D03 
• 6 cars traveling 50 mph on D04, D05 and the E04 rural course 
• 6 cars traveling 40 mph on the E04 urban course 
 
To illustrate what the average sound level would be from all of these operations occurring at once, on 

tracks located side-by-side, a simple case was created using the FHWA TNM model4. Three roads were 

created, one with 216 cars traveling 100 mph, one with 42 cars traveling 50 mph, and one with 6 cars 

traveling 40 mph. To simplify the analysis, each road was 500 feet long, with centerlines just 20 feet 

apart. Each road was 12-feet wide with DGAC pavement. Receivers were set up along a row extending 

out from the midpoint of the roads (i.e., 250 feet from one end), spaced 10 feet apart. The road with 

cars traveling 100 mph was closest to the receivers, while the other roads were parallel to that road on 

the side opposite the receivers. The receiver height was 5 feet. The default ground type was lawn. The 

result was that the hourly average sound level was 66 dBA at a distance of 70 feet from the road for this 

unlikely worst case condition. No noise impact is expected to occur outside the Fort Pickett boundary.      
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Skid Pad and Car Impact Hourly Average Noise Levels 

Hourly average sound levels for the skid pad and car impact exercises were not computed because of 

the low number of expected operations. Hourly average sound levels for these exercises would be lower 

than the levels estimated above for the worst case drive track operations (66 dBA at a distance of 70 

feet from the source).   

Summary of Hourly Average Noise Levels for All Car Exercises 

Figure 5 shows the hourly average A-weighted sound levels (LAeq1h) estimated for all driving operations 

for Alternative 1; contours for the car ramming and skid pad exercises are conservatively shown using 

the same LAeq1h value as was determined for the drive tracks (66 dBA at 70 feet); although it was 

mentioned that the LAeq1h value for these exercises is expected to be much lower. In Figure 5, the 66 

dBA hourly average sound level contour is shown extending around the perimeter of all drive tracks and 

courses approximately 70 feet outward from each track or course. Three circular contours representing 

the car ramming and skid pad exercises are shown extending 70 feet from the center of each skid pad. 

Figure 6 shows the 66 dBA hourly average sound level contour estimated for all driving operations for 

Alternative 2; the primary difference for Alternative 2 being that the 66 dBA contour extends about 150 

feet further south and 550 feet further east than does the same contour for Alternative 1, reflecting the 

differences in the site layouts. This analysis of hourly average sound levels indicates that noise due to 

FASTC driver training exercises would be contained entirely within the Fort Pickett boundary and would 

not exceed the FHWA NAC levels for residential land use. No impacts are expected outside LRA Parcel 9.     

 

Figure 5. Drive Track Noise Level Envelope for Alternative 1 (66 dBA Hourly Average Sound Level). 
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Figure 6. Drive Track Noise Level Envelope for Alternative 2 (66 dBA Hourly Average Sound Level). 

 

3.5 Driving Exercise Maximum Noise Levels 

Drive Track Maximum Noise Levels 

The first step in this analysis was to extrapolate sound power levels based on the octave band sound 

pressure levels for each vehicle speed. Next, evaluation locations were set up at varying distances from 

the vehicle. These locations were used to determine where the maximum A-weighted sound level 

reaches 55 dB at night and 65 dB during the day.        

Based on the REMEL data as outlined above, the maximum A-weighted fast-response sound levels 

(LAFMAX) at a distance of 50 feet, due to a single car traveling on DGAC pavement, are shown in Table 12; 

for reference, the levels are also shown for PCC pavement. Unless noted otherwise in this report, the 

pavement was assumed to be DGAC.   
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Table 12. Car Pass Maximum A-Weighted Sound Levels 

 

 

DGAC Pavement PCC Pavement

15 51.8 54.4

20 55.0 58.4

25 58.4 62.2

35 64.1 68.3

40 66.5 70.8

50 70.6 75.0

60 74.0 78.5

80 79.4 84.2

100 83.7 88.7

LAFMAX (dBA)Car Speed 

(mph)

 
During the course of this project, sound level measurements were made (Shen Milsom & Wilke 2011)13 

of car passes at various speeds. Because these measurements were made available for use on this 

project, a comparison was made with the REMEL data. The following are the maximum fast-response A-

weighted sound levels measured for cars on smooth, wet, asphaltic concrete pavement:  an average of 

81.5 dB for two events at a distance of 35 feet with a speed of 60 mph, and an average of 86.8 dB for 

four events at a distance of 22 feet and a speed of 80 mph. In order to compare these data to the REMEL 

data presented above, these sound levels were extrapolated for distance. For simplicity, the car was 

treated as a point source of sound, and assumed that sound levels drop off at a rate of 6 dB per doubling 

of distance. Using this simple relationship, the maximum A-weighted sound levels at 50 feet are 80.4 dB 

at 60 mph and 79.7 at 80 mph. These compare reasonably well to the REMEL data sound levels 

presented above for DGAC pavement. For the remainder of this analysis, to evaluate other FASTC 

vehicle speeds, A-weighted sound levels determined from the REMEL data were used.  

For each of the FASTC tracks and modeled operations, Table 13 shows the distances from the centerline 

of the track or course at which the maximum A-weighted sound level is 65 dB. Similarly, the distances at 

which the sound level is 55 dB (for nighttime assessment) are presented in Table 14. 

Table 13. Distances from Track or Course to 65 dB Contour - Daytime 

 

Track / Course Cars at a time Min Speed Avg Speed Max Speed

D02 Tracks 1-3 9 68 feet at 25 mph 256 feet at 50 mph 994 feet at 100 mph

T02, D03, E04 Rural 6 39 feet at 20 mph 106 feet at 35 mph 213 feet at 50 mph

E04 Urban 6 26 feet at 15 mph 56 feet at 25 mph 136 feet at 40 mph

D05, D04 9 48 feet at 20 mph 128 feet at 35 mph 256 feet at 50 mph

Table 14. Distances from Track or Course to 55 dB Contour - Nighttime 

Track / Course Cars at a time Min Speed Avg Speed Max Speed

D05, D04 4 103 feet at 20 mph 256 feet at 35 mph 505 feet at 50 mph
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For daytime operations the data in Table 13 indicate that the 65 dB maximum A-weighted contour 

would extend out as far as approximately 1,000 feet (994 feet) from the high-speed drive tracks for the 

straightaway track segments where vehicle speeds approach 100 mph. On the high-speed track turn 

sections, and on all other courses, vehicle speeds are expected to be lower (50 mph or less); therefore 

the 65 dB contour would extend outward from the track approximately 250 feet or less. For nighttime 

operations on the unimproved road course (D04) and the off-road course (D05) the 55 dB maximum A-

weighted contour would extend outward from each course as much as approximately 500 feet.       

Skid Pad and Car Impact Maximum Noise Levels 

Controlled car skids and car ramming exercises are expected to be conducted on the skid pads 

associated with each high-speed drive track. To assess the noise from these operations, measurement 

data (Shen Milsom & Wilke 2011)14 were used in this analysis. Shen, Milsom & Wilke had previously 

conducted field measurements of various Department of State driver training exercises. The 

measurements included recordings of car ramming events and tire squeal events (due to acceleration 

burnout rather than from hard braking).   

Based on the data provided, the maximum A-weighted sound levels for these two types of events were 

compared with the 65 dB criteria for daytime events; proposed operations indicate that neither of these 

exercises would be conducted at night. A summary of the measured data is provided: 

 Tire Squeal, 5 events measured at a distance of 10-15 feet,                                   
LAmax(dBA) = 100.2 (maximum), 98.8 (minimum) and 99.4 (average),   

 Car Ramming, 23 events measured at location 1 at a distance of 35-50 feet,            
LAmax(dBA) = 99.2 (maximum) , 84.6 (minimum) and 89.3 (average) and  

 Car Ramming, 23 events measured at location 2 at a distance of 20-30 feet,            
LAmax(dBA) = 98.0 (maximum), 83.5 (minimum) and 92.3 (average).   

The tire squeal measurements are highly consistent whereas the car impact measurements show a wide 

variation in measured levels. This variation seen for the impact events is likely due to these exercises 

being conducted with different drivers and different car orientations when the impacts occurred.   

To simplify the noise assessment for FASTC, a representative maximum A-weighted sound level of 100 

dBA was used to represent the tire squeal events at a reference distance of 15 feet; likewise, a 

maximum A-weighted sound level of 89 dBA was used to represent the car ramming events at a 

reference distance of 50 feet. These reference levels are close to the average levels determined from 

the measurement data. By propagating these levels outward from the source, taking into account 

spherical spreading (i.e., sound levels drop off at a rate of 6 dB per doubling of distance) and 

atmospheric absorption, computed for 15-degrees Celsius and 70% relative humidity, both 

representative sources generate 65 dBA at a distance of approximately 800 feet from their source 

locations.      
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Summary of Maximum Noise Levels for All Car Exercises 

Figure 7 shows the maximum A-weighted noise levels (LAmax) estimated for all driving operations for 

Alternative 1 including the car ramming and skid pad exercises. The 65 dBA maximum sound level 

contour is shown extending around the perimeter of all drive tracks and courses; approximately 1,000 

feet from the most western high-speed track straightaway and 250 feet, from the nearest drive track or 

course, around the remaining parts of the complex. These distances were determined from the data 

provided in Table 13. Generally, the distance to the 65 dBA contour was computed using the maximum 

speed indicated for each track or course. In the case of the high-speed tracks, this methodology was 

used only for the long straight segment associated with the most western track (where vehicle speeds 

can be up to 100 mph); speeds on the turn segments, such as those which occur at the south end of the 

complex, were estimated to be 50 mph (Table 13 indicates that the distance to the 65 dBA contour is 

about 250 feet in this case). The 65 dBA maximum sound level contours are also shown for the skid pad 

and car impact exercises, indicated by the three circles which extend outward approximately 800 feet 

from the center of each skid pad. For all driving exercises considered, the 65 dBA contour does not 

extend outside the Fort Pickett boundary and, therefore, would not impact any of the surrounding 

residential communities. For the limited nighttime driving expected to occur on the unimproved road 

(D04) and off-road (D05) courses, the 55 dB maximum A-weighted noise contour would be located 

approximately 505 feet from these two courses. This contour is not shown in Figure 7, however it is 

entirely within the Fort Pickett boundary; no impact of residential properties is expected. Further, there 

are expected to be low numbers of vehicle operations per day (4 each) on D04 and D05.               

 

Figure 7. Drive Track Noise Level Envelope for Alternative 1 (65 dB Maximum A-weighted Sound Level). 
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Figure 8 shows the maximum A-weighted noise levels (LAmax) estimated for all driving operations for 

Alternative 2. The 65 dBA maximum sound level contour extends around the perimeter of all drive 

tracks and courses at the same distances from the drive tracks that were estimated for Alternative 1; 

approximately 1,000 feet from the most western high-speed track straightaway and 250 feet, from the 

nearest drive track or course, around the remaining parts of the complex. Comparing this Alternative 2 

result with Alternative 1, the main difference is that the 65 dBA contour extends approximately 200 feet 

further south and 750 feet further east than does the same contour for Alternative 1.  

 

Figure 8. Drive Track Noise Level Envelope for Alternative 2 (65 dB Maximum A-weighted Sound Level). 
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4 Demolition Noise Evaluation 

There are five demolition training ranges planned for FASTC which include the Explosives Demo Range 

(E02), Post Blast Training Range (E03), Explosives Simulation Alley (E04), Explosives Breaching House 

(E05b) and Explosives Breaching Walls (E05c/d). These ranges, which were shown on the site map in 

Figure 3, are all located in the northeast section of the FASTC complex, except the Explosives Simulation 

Alley, which is more centrally located near the Urban Drive Course. All of these ranges are within the 

Fort Pickett boundary, and their noise contribution would be additive to the existing Fort Pickett noise 

exposure. To properly compare the FASTC demolition noise with the existing Fort Pickett demolition and 

large caliber weapons noise, the same metrics that were used in the Fort Pickett Baseline study1 were 

used in this analysis for FASTC. The use of similar metrics is also required to determine the noise 

exposure for both activities combined. It should be noted that while the Fort Pickett Baseline operations 

and noise contours were finalized at the end of 2011, the proposed FASTC activity is not expected to be 

fully operational until 2020. Phase I, which includes most hard skills (explosive ranges etc.), is 

operational in 2017.   

The Proposed Action and the Baseline were evaluated two ways: the first method examines the noise 

exposure from a land use planning perspective to identify areas, in specific noise zones, which are 

compatible with residential, commercial or other types of development; second, noise exposure is 

evaluated in terms of complaint risk areas to identify where noise complaints are likely to occur due to 

these operations. The next two sections cover these methods of analysis. Lastly, noise levels are 

evaluated separately for simulators (flash bangs) because these devices have significantly lower net 

explosive weight (NEW), compared with the other explosives and weapons analyzed.   

4.1 Land Use Planning 

Noise Zones 

Army Regulation (AR) 200-12 lists housing, schools, and medical facilities as examples of noise-sensitive 

land uses. The AR defines four noise zones that are used to evaluate land use compatibility which were 

used in this analysis to determine the significance of noise impacts associated with the Proposed Action: 

 Noise-sensitive land uses are not recommended in Zone III.  

 Although local conditions such as availability of developable land or cost may require noise-

sensitive land uses in Zone II, this type of land use is strongly discouraged on the installation and 

in surrounding communities. All viable alternatives should be considered to limit development 

in Zone II to non-sensitive activities such as industry, manufacturing, transportation, and 

agriculture.  

 Noise-sensitive land uses are generally acceptable within Zone I. However, though an area may 

only receive Zone I levels, military operations may be loud enough to be heard or even judged 
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loud on occasion. Zone I is not one of the contours shown on the map; rather it is the entire area 

outside of the Zone II contour.  

 The Land Use Planning Zone (LUPZ) is a subdivision of Zone I. The LUPZ is 5 decibels (dB) lower 

than the Zone II. Within this area, noise-sensitive land uses are generally acceptable. However, 

communities and individuals often have different views regarding what level of noise is 

acceptable or desirable. To address this, some local governments have implemented land use 

planning measures out beyond the Zone II limits. Additionally, implementing planning controls 

within the LUPZ can develop a buffer to avert the possibility of future noise conflicts.  

Table 15 describes the noise zones in relation to the CDNL noise contours provided in this document. 

Table 15. Noise Zone Definitions 

 

                             Noise Limits, (dB)

LUPZ 57 to 62

Zone I <62 <87

Zone II 62 to 70 87 to 104

Zone III >70 >104

Noise Zone
Large Caliber, 

Demolitions, Etc. 

(CDNL)

                       

Small Arms    

PK15(met)

                          LUPZ is a land-use planning zone 
                                               PK15(met) is the peak sound level exceeded 15 percent of the time (unfavorable weather conditions) 

Three C-weighted Day-Night average sound Level (CDNL) contour results are presented in Figures 9 

through 11 to evaluate land use compatibility for demolition and large caliber weapon operations. The 

assessment period used to create the CDNL contours was 104 days, reflecting the number of National 

Guard operating days per year and for consistency with the Fort Pickett Baseline analysis. In order, the 

scenarios are the Fort Pickett Baseline, Baseline plus Proposed Action Alternative 1, and the Baseline 

plus Proposed Action Alternative 2. The legend in each figure identifies the CDNL contour levels 

described in Table 15, shown overlaid on a map of Fort Pickett and vicinity. Of note in the figures are the 

Fort Pickett boundary and Army Compatible Use Buffer (ACUB) which serves as a land use planning 

buffer zone between base operations and the surrounding communities. 

Baseline 

The Fort Pickett Baseline was taken from USAPHC, “Operational Noise Consultation No. 52-EN-0FNT-12 

Operational Noise Contours Fort Pickett, Virginia, 28 November 20111. The Baseline CDNL noise 

contours are shown in Figure 9. The Baseline LUPZ (57 dB CDNL) extends beyond the base boundary in 

most directions but generally does not extend beyond the ACUB. The Zone II (62 dB CDNL) extends 

beyond the western and southern boundaries 1,000 and 2,300 feet respectively and it extends beyond 

the eastern boundary up to 5,250 feet. The Zone III (70 dB CDNL) extends beyond the boundary less 

than 1,300 feet from the activity at firing point series 33 and 531. Based on available imagery, the Zone II 
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and III areas extending outside the Fort Pickett boundaries are primarily undeveloped rural land. There 

are several rural residential properties located in Zone II. 

Proposed Action 

Comparing the FASTC Proposed Action cases (Alternative 1 in Figure 10 and Alternative 2 in Figure 11) 

with the Baseline case, two of the main observations are that (1) noise exposure from FASTC proposed 

operations is concentrated in the northwest part of Fort Pickett, including the 21/20 Parcel (where the 

demolition pads are located), LRA Parcels 9 and 10, Grid Parcel and the Blackstone Army Airfield and (2) 

this additional FASTC noise exposure only increases the combined noise environment (Baseline + 

Proposed Action) above the Baseline in this one area.  

Comparing existing and proposed noise exposure, the only noticeable difference between the Baseline 

and the combined contours (Baseline + Proposed Action) occurs for the 57 dB CDNL contour which, due 

to the addition of FASTC, would extend beyond the Fort Pickett boundary, directly north of the airfield, 

by approximately 650 feet. This would result in an extension of the LUPZ and Zone I which are 

acceptable for noise sensitive land uses. In addition, the area affected is mostly within the industrial 

zone, such that no additional incompatibilities in land use are expected to result due to the introduction 

of FASTC operations.      

Noise exposure within Fort Pickett is expected to increase, with the Proposed Action, in areas directly 

east and south-east of Blackstone Army Airfield. These areas include parts of Nottoway County Pickett 

Park, the 21/20 Parcel and the eastern part of LRA Parcel 9. As shown in Figures 10 and 11, while the 

Proposed Action LUPZ extends further north, primarily over the airfield, Noise Zone II (62-70 CDNL) 

extends over these areas mentioned. In general, land use within Noise Zone II should be limited to non-

sensitive activities such as industry, manufacturing, etc. There are a number of VAARNG buildings 

located near the eastern airfield boundary, eastern boundary of Pickett Park and the southern boundary 

of the Grid Parcel which would be located within Noise Zone II with the Proposed Action. Noise Zone III 

would expand to cover the northern half of the 21/20 Parcel; this is where the demolition pads are 

located, primarily in an undeveloped area suitable for demolition operations.                    
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Figure 9. Demolition and Large Caliber Operations Noise Contours (Fort Pickett Baseline). 
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Figure 10. Demolition and Large Caliber Operations Noise Contours (Baseline + Alternative 1). 
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Figure 11. Demolition and Large Caliber Operations Noise Contours (Baseline + Alternative 2). 
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4.2 Complaint Risk Areas 

Annual average noise levels (i.e., CDNL) were evaluated to determine the significance of the noise 

impacts. However, complaints are more attributed to single specific events rather than annual average 

noise levels. Peak levels are appropriate for estimating the risk of receiving a noise complaint because 

they correlate with the receiver’s perception of the single event noise level. Table 16 indicates the risk of 

receiving noise complaints with increasing levels of impulsive noise from large weapons and demolition.       

 
Table 16. Complaint Risk Guidelines for Impulsive Noise 

 
The risk of receiving noise complaints due to demolition and large caliber weapons was evaluated for 

three scenarios, including the Fort Pickett Baseline and the Baseline combined with each of the two 

Proposed Action alternatives. This was conducted using BNOISE2 to generate peak noise contours 

(representing the loudest single event at each range or firing location). But because peak noise levels 

can vary significantly with different atmospheric conditions, two sets of contours were computed: 

 Unfavorable Weather Conditions:  The PK15(met) is the peak sound pressure level, factoring 
in statistical variations caused by weather, that is likely to be exceeded only 15 percent of 
the time. The PK15(met) levels would occur under conditions that enhance sound 
propagation such as a temperature inversion; that is, warmer air above colder ground 
surfaces.       

 Neutral Weather Conditions:  The PK50(met) is the peak sound pressure level that would be 
expected 50 percent of the time and under neutral weather conditions.     

Baseline 

The complaint risk areas for demolition and large caliber weapons operations are shown using 

PK15(met) contours in Figure 12 for the Baseline condition, as provided by USAPHC. Figure 15 shows the 

results for the PK50(met) contours.  The following results were determined for demolition and large 

caliber weapons operations in the Fort Pickett Baseline Study1: 

Under enhanced propagation conditions (Figure 12), the High Complaint Risk area (130 to 140 dB 

PK15(met)) extends beyond the boundary less than 2,950 feet (0.6 miles) at Ranges 15 and 16 and from 

the artillery firing points near the boundary. The Moderate Complaint Risk area (115 to 130 dB 

PK15(met)) extends beyond the boundary in most directions up to 7,220 feet (1.4 miles).   

Audible <115 Low

Noticeable, Distinct 115 to 130 Moderate

Loud, May Startle 130 to 140 High

Perceptability

Intense, at or above Threshold 

of Pain and Discomfort

Risk of Receiving Noise Complaints 

Risk of Physiological damage to unprotected human 

ears and structural damage claims

Large Weapon Noise Limit 

(dB) PK 15(met)

>140
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Under neutral propagation conditions (Figure 15), the High Complaint Risk area (130 to 140 dB 

PK50(met)) remains within Fort Pickett except for small areas near Ranges 15 and 16 and from the 

artillery firing points near the boundary. The Moderate Complaint Risk area (115 to 130 dB PK50(met)) 

extends beyond the boundary less than 4,250 feet (0.8 miles). Though the complaint risk guidelines 

would indicate a moderate to high risk of complaints, these areas are primarily undeveloped and as such 

the risk of complaints would be low for the Baseline scenario. Although these Baseline contours do 

extend outside Fort Pickett in certain areas they do not extend beyond the ACUB.     

Proposed Action 

In comparison to the Baseline scenario, the primary difference in the peak contours representing the 

Baseline plus Proposed Action cases occurs in the northwest area containing the 21/20 Parcel, LRA 

Parcels 9 and 10, Grid Parcel and the Blackstone Army Airfield. Under enhanced propagation conditions, 

PK15(met), Figure 13 shows the Complaint Risk areas for the combined activities Baseline plus Proposed 

Action Alternative 1 and Figure 14 shows the same areas for the combined activity with Alternative 2. 

The result of adding the FASTC activity is to expand the complaint risk areas to the northwest, over the 

proposed FASTC complex. The Moderate Complaint Risk area (115 to 130 dB PK15(met)) would extend 

outside Fort Pickett in the area directly north of the airfield; this projected new area includes 

commercial buildings associated with the Virginia Polytechnic Institute and at least one residence, 

located north of the Virginia Tech campus. The High Complaint Risk area (130 to 140 dB PK15(met)) 

would be further extended to the northwest, but still remain entirely within Fort Pickett; although some 

existing VAARNG buildings, which are now located in a Moderate Complaint Risk area, would then be 

located in a High Complaint Risk area.                     

The Proposed Action Alternatives under neutral propagation (Figures 16 and 17) show a similar change 

where the complaint risk areas are identical to the Baseline case except for their expansion to the 

northwest. For neutral propagation, the High Complaint Risk area (130 to 140 dB PK50(met)) to the 

northwest is larger than it is for the Baseline case, but it remains entirely within Fort Pickett and mainly 

within the 21/20 Parcel; the Moderate Complaint Risk area (115 to 130 dB PK50(met)) also extends 

further to the northwest but not outside Fort Pickett. Under neutral propagation parts of the Blackstone 

Army Airfield, LRA Parcel 9 and the Grid Parcel would now be in a Moderate Complaint Risk area with 

the Proposed Action.                      

The purpose of this peak level analysis was to determine how the Complaint Risk areas change from the 

existing Fort Pickett Baseline case to the combined cases which include proposed FASTC operations. 

Under enhanced sound propagation conditions, there would be an increase in Moderate Complaint Risk 

for the area outside Fort Pickett north of the airfield; several commercial buildings including those 

belonging to Virginia Polytechnic Institute and at least one residence would potentially be at a higher 

complaint risk. For locations within Fort Pickett, there would be an increase in the Moderate and High 

Complaint Risk areas associated with Pickett Park and the 21/20 Parcel. These areas are typically used by 

base personnel therefore complaint risk is expected to be lower than if the affected areas were in the 

surrounding community.    
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Blackstone residents are likely to notice a couple of changes to their noise environment if FASTC is 

implemented.  

First, there would be additional demolition operations, increasing the overall number of explosive 

events heard. But of these additional events, mainly the higher yield FASTC demolition operations (2 to 

3 pound charges) would be noticed. There are expected to be only six 3 pound charges and thirty-six 

2.23 pound charges detonated annually under the Proposed Action. These are much lower in number on 

an annual basis then existing VAARNG operations which include thousands of rounds fired (many by 

105mm and 155mm Howitzers and 120mm Tank guns). The higher yield FASTC demolition operations (2 

to 3 pound charges) add up to 42 additional events per year. While the frequency of these proposed 

events is unknown, if they were spread out evenly throughout the year, over a fifty week period, for 

example, then this would mean that Blackstone residents would be expected to hear about 1.2 

additional demolition events per week due to the Proposed Action.      

Second, peak noise levels would increase as a result of these FASTC demolition charges. This is projected 

to occur because the FASTC demolition events would be located closer to Blackstone, even though they 

have lower acoustic output compared to most of the high caliber VAARNG operations. However, the 

projected Complaint Risk Areas indicate that there is still expected to be a low risk of complaints from 

Blackstone residents, i.e., Blackstone is still located well outside of the moderate complaint risk area. 

On post, in addition to the higher yield FASTC demolition charges, some of the lower yield charges may 

also be noticed, depending on the observer’s location with respect to the demolition pads. Considering 

the FASTC demolition operations, there is expected to be a much higher annual number of these lower 

yield charges including black powder 2 ounces (312), flash bangs 4.5 grams (400) and C2/C4 Detasheet ¼ 

pound (424). These may be noticed at times by personnel within Fort Pickett, but these are considered 

minor events compared with the greater number of higher yield Fort Pickett demolition and high caliber 

weapons operations.          
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Figure 12. Demolition and Large Caliber Operations Complaint Risk Areas, PK15(met), (Fort Pickett Baseline). 
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Figure 13. Demolition and Large Caliber Operations Complaint Risk Areas, PK15(met), (Baseline + Alternative 1). 
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Figure 14. Demolition and Large Caliber Operations Complaint Risk Areas, PK15(met), (Baseline + Alternative 2). 
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Figure 15. Demolition and Large Caliber Operations Complaint Risk Areas, PK50(met), (Fort Pickett Baseline). 
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Figure 16. Demolition and Large Caliber Operations Complaint Risk Areas, PK50(met), (Baseline + Alternative 1). 
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Figure 17. Demolition and Large Caliber Operations Complaint Risk Areas, PK50(met), (Baseline + Alternative 2). 
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4.3 Predicted Peak Noise Levels for Simulators 

Simulators (flash bangs) are an explosive proposed for use in certain FASTC driver training exercises. Part 
of the Urban Drive Course (E04) is the Explosives Simulation Alley where it is proposed that 
approximately 400 simulator events would occur on an annual basis. This number of simulators is below 
the threshold used in BNOISE2 to compute annual average noise levels. However, BNOISE2 was used to 
compute peak noise levels to evaluate the risk of complaints from these events.                

Simulator noise levels would vary depending on the type (artillery, ground burst and grenade) but the 

variation is limited to a few decibels1. Table 17 provides an estimate of the distances from the source of 

a simulator event to the peak noise contours used to define the Moderate (115 to 130 dBP) and High 

(130 to 140 dBP) complaint risk areas for both unfavorable (PK15(met)) and average (PK50(met)) 

weather conditions. These guidelines for impulsive noise were indicated previously in Table 16.          

Table 17. Predicted Peak Noise Levels for Simulators  

Metric Weather Conditions Noise Guideline (dBP) Complaint Risk Distance from Source (feet)

PK15(met) Unfavorable 115 to 130 Moderate 2577 feet to 115 dBP

PK15(met) Unfavorable 130 to 140 High 656 feet to 130 dBP

PK50(met) Average 115 to 130 Moderate 1462 feet to 115 dBP

PK50(met) Average 130 to 140 High 520 feet to 130 dBP  

The peak levels and complaint risk areas used to describe simulator noise are analogous to those used 

for demolition and large caliber operations (Figures 12 through 17). Simulator activity is assessed here, 

in terms of peak levels, for the Baseline and Proposed Action conditions.     

Baseline 

For the Baseline condition, Figures 12 and 15 respectively indicate moderate to low complaint risk in the 

area proposed for E04 due to Fort Pickett demolition and large caliber weapons operations. Currently, 

no simulator activity occurs in this area planned for E04.   

Proposed Action 

For Proposed Action Alternative 1, range E04 is located in the northeast part of LRA Parcel 9 (see Figure 

3). Simulator activity at E04 is expected to generate peak noise levels above 130 dB within 656 feet from 

the source for unfavorable weather conditions (PK15(met)) and within 520 feet from the source for 

average weather conditions (PK50(met)). These levels, which correspond to high complaint risk, are not 

expected to extend beyond the eastern boundary of LRA Parcel 9 and therefore existing VAARNG 

buildings located near this boundary would be in a Moderate Complaint Risk Area when simulators are 

used. Peak levels above 130 dB may extend beyond the northern boundary of LRA Parcel 9, depending 

on simulator location, but are not expected to impact existing buildings which are located more than 

650 feet from this northern boundary.             
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For Proposed Action Alternative 2, E04 is located in the southeast part of LRA Parcel 9 (see Figure 4). In 

this case, simulator peak levels above 130 dB generally would not extend beyond the LRA Parcel 9 

boundary unless simulators were used in the most south-eastern part of E04 (within about 650 feet 

from the existing VAARNG MEDCOM or classroom buildings). Therefore operating simulators more than 

650 feet away from these buildings would ensure they were located in a Moderate Complaint Risk Area, 

rather than in a High Complaint Risk Area. The Officer’s Club, another prominent existing building 

located approximately 1,500 feet southwest of E04, is expected to be located in a Low to Moderate 

Complaint Risk Area when simulators are used.  
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5 Small Caliber Weapon Noise Evaluation 
Five firing ranges are to be used by FASTC personnel for small arms weapons training, including the 

Indoor Firing Range (R02), Live fire Shoot House, 1-Story (R03a), Live fire Shoot House, 2-Story (R03b), 

Baffled Indoor Tactical Combat Range (R04) and the Existing Outdoor Rifle Range (R05). The first four are 

planned indoor ranges whereas the outdoor range is currently being used by Fort Pickett for training.   

In this analysis, the same methods were used to assess small arms noise for FASTC operations as were 

used by the USAPHC to assess the Fort Pickett Baseline operations1. The FASTC operations data used 

were identified in section 2.4. It is important to note that the small arms noise assessment was 

conducted using different methods for outdoor and indoor ranges. The SARNAM model was used for all 

outdoor ranges, including those in the Baseline assessment, where the primary output is peak sound 

level contours. But for indoor ranges, there is no model that takes into account all of the structural and 

acoustical characteristics of an enclosed range, such as interior sound field characteristics or detailed 

building noise reduction. To assess indoor ranges, the USAPHC estimates the exterior peak levels using 

common structural noise reduction values and limits these estimates to several distances and azimuths 

from each weapon being analyzed. The following sections describe both types of noise analysis 

conducted for outdoor and indoor ranges.     

5.1 Outdoor Firing Ranges 

Baseline 

Per AR 200-1 (U.S. Army 2007)2, small arms operations for the Baseline case were analyzed using 

PK15(met). The noise zone definitions were provided in Table 15.  

Since the contours are based on peak levels rather than a cumulative or average level, the size of the 

contours would not change if the number of rounds fired increases or decreases.  

The small caliber weapons noise contours for the Fort Pickett Baseline case, which were developed by 

the USAPHC1, are shown in Figure 18. Along the eastern boundary, Zone II [87 dB PK15(met)] extends 

less than 5,900 feet (1.1 miles) into the community and Zone III [104 dB PK15(met)] extends less than 

820 feet into the community. Based on available imagery, the Zone II and III areas outside Fort Pickett 

are primarily undeveloped. There may be scattered residential properties within Zone II.  

These contours were generated using SARNAM which requires specific firing point and target point 

locations entered into the model. At several of Fort Pickett training areas and ranges, there are no set 

firing points or target point locations and firing can occur at multiple locations and in multiple directions. 

The USAPHC addressed this by estimating the peak levels for specific types of munitions and 

determining at what distances noise levels would approach Zone II limits [PK15(met) 87 decibels (dB)].  

Although the USAPHC did this for several types of munitions, the loudest in the group is the .50 caliber 

blank activity for which Zone II levels would extend out approximately 2,625 feet. For the .50 caliber and 

all other munitions analyzed, noise levels approaching Zone II limits [PK15(met) 87 dB] would either be 
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contained within the small caliber noise zones shown in Figure 18 or would not extend beyond the Fort 

Pickett boundary. 

Proposed Action 

The preceding analysis of small caliber weapons noise refers to the Fort Pickett Baseline operations 

conducted at existing outdoor ranges. The only outdoor firing range associated with the proposed FASTC 

operations is R05 which has the same activity and layout as existing Range 8, used by Fort Pickett. 

Because this analysis was conducted using peak sound levels, the additional activity associated with R05 

would not change the Baseline peak sound level contours (or noise zones) depicted in Figure 18.                 

The remaining four FASTC firing ranges are indoor ranges. The noise assessment for these ranges is 

presented in the following section. 
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Figure 18. Small Caliber Operations Noise Contours (Fort Pickett Baseline). 
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5.2 Indoor Firing Ranges 

Baseline 

All firing ranges at Fort Pickett are outdoor ranges; therefore, the Fort Pickett Baseline does not include 

indoor firing ranges. 

Proposed Action 

The proposed FASTC indoor ranges include the Indoor Firing Range (R02), One-Story Live Fire Shoot 

House (R03a), Two-Story Live Fire Shoot House (R03b) and the Baffled Indoor Tactical Combat Range 

(R04). Weapons to be fired in these ranges include handguns (.357 magnum, 9mm, and .40 caliber), M16 

Rifle (5.56mm), Shotgun (12 gauge), and Machine Guns (9mm, 0.40 caliber, and 0.45 caliber), with 

operations distributed on each range as indicated in Table 9.   

Modeling the activity for indoor ranges was done making some assumptions about the building type 

because the designs for these ranges are not final. The indoor ranges are expected to be fully enclosed, 

however no firing range noise model currently available can account for a full or partial structure.  

Preliminary plans for these indoor ranges have indicated different types of structures, some with 

interior sound absorption to make the facility as ‘sound proof’ as possible. Generally, the exterior noise 

level of an enclosed small arms range is of little concern due to the attenuation effects of the structure 

itself. 

To estimate the exterior noise levels for an indoor range, the building construction Noise Level 

Reduction (NLR) is used. For example, if the building construction of the indoor ranges was the common 

brick and mortar type, a typical NLR value of 25 dB would be used to represent this type of construction. 

If the brick and mortar structure also had interior sound absorption or other noise mitigation, the NLR 

would be expected to be higher (30 dB or more). Or, If the construction was wood exterior, the NLR 

would be expected to be lower (15 dB).         

Since there are several different types of structures proposed for the indoor ranges, and the design 

plans for these structures have not been finalized, a generic case is presented here. In this example, it is 

assumed that the building construction of each indoor range is the brick and mortar type, with a 

corresponding NLR value of 25 dB provided on the exterior of the building.   

Using the SARNAM6 noise model program, combined with the building NLR value of 25 dB, an estimate 

of the exterior peak sound levels can be made for a generic indoor range utilizing the proposed FASTC 

operations. Table 18 shows the results of this exercise where the exterior peak sound levels are 

estimated for each FASTC weapon type and live round for two representative distances (328 feet and 

656 feet) and three azimuths (0°, 90° and 180°) from the firing position. In this case, 0° is directly in front 

of the weapon and 180° is directly behind the weapon. 

Table 18 shows a range of peak noise levels for each distance and azimuth from the firing position. For 

each range of levels, the lower number represents the level exceeded 85 percent of the time (mean-1σ) 
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and the higher number represents the level exceeded 15 percent of the time (mean +1σ). This bounds 

the range of exterior peak noise levels accounting for statistical variation in meteorological conditions. 

Table 18. Predicted Exterior Peak Sound Levels for Indoor Range Operations 

0° 90° 180° 0° 90° 180°

Handgun       .357 magnum 93-103 87-97 86-96 86-96 80-90 78-88

Handgun       9 mm 83-93 78-88 74-84 77-87 71-81 68-78

Handgun       .40 cal 83-93 80-90 80-90 77-87 73-83 73-83

Rifle               5.56 mm 93-103 86-96 76-86 86-96 79-89 69-79

Sub-machine gun 9 mm 83-93 78-88 74-84 77-87 71-81 68-78

Sub-machine gun .40 cal 83-93 80-90 80-90 77-87 73-83 73-83

Sub-machine gun .45 cal 83-93 80-90 80-90 77-87 73-83 73-83

Shotgun 12 guage 92-102 80-90 81-91 85-95 73-93 75-85

Notes: the 0° is directly in front of the weapon and the 180° azimuth is directly behind the weapon.

             NLR estimated at 25 dB.

Distance = 328 feet Distance = 656 feet

Azimuth Azimuth

Predicted Exterior Peak Sound Level, dBP

Weapon Type and Round

 

For example, the Shotgun (12 gauge) is one of the loudest weapons where the exterior peak levels, at 

328 feet (100 meters) from the firing position, are predicted to be within a range of 92-102 dBP in front 

of the weapon or in the firing direction. To the side of the weapon, the exterior peak levels are predicted 

to be within a range of 80-90 dBP and behind the weapon, 81-91 dBP.            

With brick and mortar construction and estimated building attenuation of 25 dB, the Zone III noise 

contour (> 104 dBP) is expected to remain relatively localized and within 328 feet to the front of the 

weapon position for all weapons indicated in Table 18. In comparison, the Zone II contours (87-104 dBP) 

extend further covering a larger area around the firing range. Noise approaching or within Zone II levels 

(87-104 dBP) would extend out approximately 656 feet in front of the weapon position for all weapons 

indicated in the table. Due to noise directivity, levels to the side and behind the weapon are reduced 

when compared to levels in front; this is normally true for a weapon fired in open space. Depending on 

the structure and interior acoustics of an indoor range, this directivity pattern can potentially change. 

Therefore, the levels presented in Table 18 are estimates which use the noise directivity patterns of 

each weapon, without accounting for any filtering of the range structure.    

Zone II noise levels estimated for all FASTC firing range operations are expected to remain within the 

Fort Pickett boundary. The noise levels in Table 18 can be used to estimate the location of the Zone II 

and Zone III contours for a building NLR of 25 decibels. The results for using a different building NLR 

value can be determined by adding (or subtracting) decibels to the levels in Table 18. For example, if the 

NLR was 15 dB, 10 dB would be added to the levels in Table 18 whereas if the NLR was 30 dB, 5 dB 

would be subtracted from the levels in the table. It is expected that firing range buildings would be 

designed to ensure noise levels at adjacent facilities are within acceptable levels. 
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6 Occupational Noise Exposure 
The proposed FASTC training operations are estimated to have limited additional noise exposure on the 

surrounding residential communities beyond the existing Baseline noise at Fort Pickett. However, FASTC 

training operations are expected to increase noise levels within Fort Pickett where new facilities are to 

be located. One concern for personnel working or training at these facilities is that some noise events 

may be of high enough intensity to damage unprotected hearing. 

The various training events are expected to generate different types of noise ranging from the 

continuous sound of cars on the drive tracks to impulsive sounds of gun fire and demolition activity on 

the ranges. A person’s cumulative noise exposure to continuous noise is determined from the constantly 

varying noise levels and the duration of exposure to each level. The evaluation of continuous noise uses 

the A-weighting filter adjustment which corresponds well to human hearing sensitivity, reducing the 

contribution of lower frequency noises. A person’s exposure to impulsive noise is typically quantified 

using the unweighted peak noise metric since the unweighted or ‘flat’ response better approximates 

human hearing sensitivity to loud sounds.            

The federal Occupational Safety and Health Administration (OSHA)3 has established decibel (dB) levels 

for hearing protection that include limits on “continuous” and “impulsive” noise exposure. For 

continuous noise, the OSHA criterion level or permissible exposure limit (PEL) is 90 decibels (A-

weighted), as an 8-hour, time-weighted average level (TWA). This standard specifies a 5 dB exchange 

rate and slow response measurement. Using this criterion, individuals may be exposed to a noise level of 

90 dBA for no longer than 8 hours before a temporary threshold shift is expected. Higher levels are 

permitted for shorter durations. For example, a TWA level of 95 dBA reduces the time for an individual 

to receive a maximum dose from 8 hours to 4 hours. Similarly, for a TWA level of 85 dBA, the 

permissible exposure time is increased by a factor of two. The OSHA hearing protection criterion limits 

the maximum A-weighted sound level (for unprotected personnel) to 115 dBA (for 15 minutes); the 

threshold level for dose computations is 80 dBA.  

Although the permissible noise exposure limit is defined as 90 dBA for 8 hours, OSHA also published a 

hearing conservation amendment (HCA) which specifies that employers must administer a continuing, 

effective hearing conservation program whenever employee noise exposures are at or above an 8-hour 

TWA of 85 dBA.  For evaluation of continuous noise at the FASTC facilities, the 85 dBA level was used to 

identify areas where personnel could potentially be at risk.    

For impulsive noise, the OSHA criterion for unprotected occupational noise exposure is an unweighted 

peak level of 140 dB. The OSHA procedure for determining occupational noise exposure is to evaluate 

both continuous and impulsive noise separately using their respective criteria. If, in either case, noise 

levels exceed the stated criteria then OSHA requires a reduction in noise exposure via implementing a 

hearing conservation program.             

For each of the FASTC facilities, the proposed operations and associated noise levels determined 

previously were evaluated using the appropriate OSHA criterion. Table 19 identifies the FASTC training 
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facility operations and indicates whether either of the OSHA criteria, for peak sound pressure level or 

the 8-hour TWA level, are expected to be exceeded at the facility. It should be noted that each type of 

facility and operations are evaluated using only one of the two OSHA criteria, depending on whether the 

noise source is considered impulsive or continuous.                          

Table 19. OSHA Occupational Noise Exposure Evaluation for FASTC Facilities 

Impulsive Sound                               Continuous Sound                                 

High-Speed Anti-Terrorism Driving, D02 (Tracks 1-3) N/A No

Skid Pad Exercises at D02 (Tracks 1-3) N/A No 

Car Impact Events at D02 (Tracks 1-3) N/A No 

Mock Urban and Rural Drive Courses T02, D03 and E04 N/A No

Off-Road (D05) and Unimproved Road (D04) Drive Courses N/A No

Indoor Firing Ranges (R02, R03a, R03b and R04) Range Interior Locations N/A

Outdoor Firing Range R05 Range Interior Locations N/A

Demolition Ranges (E02, E03, E04, E05b and E05c/d)

C4/C2 Detasheet, 1/10 LB < 492 feet N/A

C4/C2 Detasheet, 1/3 LB < 656 feet N/A

C4/C2 Detasheet, 1 LB < 984 feet N/A

C4/C2 Detasheet, 3 LB < 1148 feet N/A

Simulators (flash bangs) at D02 and E04 < 328 feet N/A

FASTC  Training Facilities/Operations

OSHA Occupational Noise Exposure Standard 1910.95  

Peak SPL                                             

Exceeds 140 dBP

8-hr TWA                                                               

Exceeds 90 dBA

 

The driving operations (high-speed tracks, urban, rural and off-road/unimproved courses) are more 

accurately characterized as continuous noise sources, rather than impulsive, although noise generated 

at these tracks would be intermittent because cars would be dispersed on the tracks.  Based on model 

predictions and measured data14, none of the individual car passes (with speeds of up to 100 mph) or 

group of cars would exceed 85 dB(A) at distances greater than about 100 feet from the track. Since 

there are a limited number of operations per day on each track (far lower than would be considered 

continuous for eight hours) the OSHA 8-hour TWA for each track would be significantly less than the 85 

dBA criteria.    

The skid pad exercises and the car impact events were also evaluated using the criteria for continuous 

noise, although these events are of short duration. Measurements conducted for the skid pad and car 

impact exercises14 show that the maximum A-weighted levels recorded for each did not exceed 100 dBA 

at distances of approximately 15 feet from the test track. Considering the proposed number of events 

per day, it is estimated that the skid pad exercises and car impact events would not exceed the OSHA 8-

hour TWA criteria of 85 dBA at any locations in the vicinity of the drive tracks.  

While the car operations on the drive tracks and courses are not expected to exceed the TWA limits for 

continuous noise, operations associated with firing ranges, demolition ranges and simulators are 

expected to exceed the peak sound level criteria at certain distances from the source, depending on the 

type of munitions used. These high-intensity, impulsive noise sources are expected to create a 

hazardous noise environment for people working and training at these facilities.  
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For this analysis, all of these operations are considered short duration, impulsive noise sources; 

although, at firing ranges, in cases where shooters on the firing line are exposed to noise from multiple 

guns being fired, then this could, at times, be considered a continuous noise source.                             

It is well known that high-powered guns generate peak noise levels that often exceed the OSHA 140 dB 

peak limit, for unprotected personnel, at the shooter’s location. The area where peak levels are 140 dB 

or higher would potentially extend farther from the shooter’s location, depending on the design of the 

range (i.e., size, type of enclosure and interior acoustic characteristics). A single unprotected exposure 

to loud gunfire can result in a temporary hearing loss. However, repeated exposure to impulsive firearm 

noise can result in permanent noise-induced hearing loss.   

Due to both the high intensity of firearm noise and the preliminary nature of the FASTC range designs, 

all indoor and outdoor firing ranges are identified in Table 19 as areas where the OSHA 140 dB limit 

would likely be exceeded; and potentially at large areas surrounding the firing line. This is a typical result 

since all firing ranges generate these types of impulsive sound levels, requiring anyone located within 

the range to wear hearing protection. To be in compliance with the OSHA Occupational Noise Exposure 

Standard 1910.953, operators of the FASTC firing ranges are expected to provide hearing protection to 

personnel working and training inside these ranges during shooting practice.    

FASTC demolition training would use explosives with higher power than ordinary firearms, yet lower 

power than some of the high explosive munitions used by Fort Pickett. Originally shown in Table 7, these 

explosives range in weight from 2 ounces black powder up to 3 pounds of C4/C2 Detasheet. In Table 19 

several explosive weights, within this range, were evaluated for noise exposure, including C4/C2 

Detasheet (1/10, 1/3, 1 and 3 pounds). BNOISE2 was used to determine the approximate distance to the 

140 dBP contour (measured along an azimuth of 0° from the blast location). Table 19 indicates the 

estimated distances from each demolition event where the peak levels would be equal to or higher than 

140 dBP; locations within these distances are considered to be in a hazardous noise zone during live 

operations. For safety purposes, fragmentation guidelines are expected to be more stringent than the 

noise distance guidelines shown in Table 19. In any case, hearing protection would be required to be 

used by personnel working or training in any of the FASTC demolition ranges during live operations. 

Simulators are expected to be used at several locations near drive tracks 1-3 (D02) and Explosives 

Simulation Alley (E04). Peak noise levels for simulators were reported in section 4.3 to be 134-136 dBP 

at a distance of 328 feet from the blast. In Table 19, 328 feet is listed conservatively as the distance 

within which the OSHA 140 dBP limit would be exceeded. 

OSHA criteria were evaluated above for noise associated only with the proposed FASTC facilities. 

However, noise from Fort Pickett operations, especially peak levels from demolition and large caliber 

weapon operations, should also be a concern to any personnel on base. Since Fort Pickett operations are 

well established, it is expected that hearing protection is already used by personnel in the vicinity of the 

Fort Pickett demolition ranges and large caliber operations.  
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Appendix A: Project Assumptions   
 

1. Noise analysis was conducted to predict the noise environment that would result from 
implementing the development of FASTC at Fort Pickett, Virginia.  

2. The locations of the facilities for Build Alternatives 1 and 2 were based on FASTC Master Plan 
concepts dated May 15, 2012 (Alternative 1) and July 27, 2012 (Alternative 2).                        

3. Operations data for all FASTC driving exercises, small arms range activity and demolition 
exercises were initially obtained from the previous Shen, Milsom & Wilke report (SM&W 
#09250) on the proposed FASTC site in St. Mary’s County, Maryland. These data were assembled 
by BRRC into a data validation package for approval by GSA/DOS. The operations data used in 
this analysis were from the data validation package dated May 2012.   

4. FASTC noise analysis was conducted for three main types of exercises; car driving exercises, 
small arms range activity and demolition exercises. Where applicable these exercises were 
combined with similar existing Fort Pickett exercises; primarily this meant combining FASTC 
demolition operations with Fort Pickett demolition and large caliber operations.                 

5. Industry standard noise models were used for all FASTC noise analysis except to predict noise 
levels from car ramming and tire squeal exercises. Large arms modeling was conducted using 
the BNOISE2 Large Arms Noise Assessment Model (version 1.3 2003 -07-03), small arms 
modeling was conducted using the SARNAM2 Small Arms Range Noise Assessment Model 
(version 2.6 2003-06-06), and drive track/course noise levels were determined using the Federal 
Highway Administration’s Traffic Noise Model (FHWA TNM) version 2.5, February 2004 and 
associated reference noise (REMEL) data. 

6. Noise metrics and reporting methodology, for the large and small arms noise analysis, were the 
same as those used by the Army PHC (USAPHC) in their recent (2011) Baseline noise analysis for 
Fort Pickett. This allowed a direct comparison with the Fort Pickett Baseline, and because the 
metrics and methodology used by the USAPHC are considered to be the industry standard.    

7. Noise measurements for several FASTC driving activities had previously been recorded by Shen, 
Milsom & Wilke and these were considered for use on this project. The measurements found 
suitable for use in this analysis were for tire squeal and car ramming exercises; these measured 
data were used in this analysis to predict noise levels for these two exercises. Noise levels for all 
other driving exercises were estimated using TNM and the associated REMEL data. 

8. Several modeling assumptions are noted: (1) the 3 pound demolition charge, which is the 
highest yield charge proposed for FASTC use, was modeled in BNOISE2 using the 3.5 pound 
surrogate because data for a 3 pound charge is not available. Contours generated by the 
available options (3.5 pound and 2.6 pound) indicated that there was not much of a difference 
between these two; therefore, modeling the 3.5 pound charge in the study was appropriate 
(i.e., using the 2.6 pound charge would not have affected the results significantly.; (2) the 
unimproved road and off-road courses were modeled using pavement as the road surface rather 
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than dirt; this was done because there is no noise data available for car driving on dirt roads. 
With reasonable approximation, pavement can be considered as ‘best available’ data. It should 
also be noted that the driving operations on the unimproved road and off-road courses are 
significantly less than those on the other FASTC high speed driving tracks and therefore noise 
levels generated by these courses are lower than the noise levels generated by the other tracks.  

9. For the demolition and large caliber noise analysis, the metrics used were CDNL to assess land 
use compatibility and PK15 and PK50 to assess complaint risk. PK15 represents the peak noise 
level that is exceeded only 15 percent of the time, based on unfavorable weather conditions; 
this is a commonly used metric for this type of analysis but it does assume that these 
unfavorable weather conditions occur 15 percent of the time. Actual Fort Pickett weather data 
may indicate something different. 

10. Detailed architectural designs for the FASTC small arms ranges were not available at the time of 
this noise analysis; therefore, to estimate exterior noise levels a general case was presented 
assuming a common brick and mortar structure. This analysis of exterior noise levels was 
presented in such a way that, once detailed estimates of building noise reductions become 
available, these noise reductions could be used to recalculate the exterior noise levels, using a 
simple procedure, if desired. 

11. The analysis of simulators was based on project layouts for Alternative 1 dated May 15, 2012 
and Alternative 2 dated July 27, 2012 and operations listed in the Data Validation Package dated 
May 2012.  The Master Plan will continue to evolve and the location and operations of simulator 
detonations may change from that analyzed in this report.  Any potentially significant change to 
the future noise environment presented in this report would be monitored and additional 
impact analysis performed if required. 
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EXECUTIVE SUMMARY 

This Traffic Impact Analysis (TIA) has been prepared to analyze the traffic-related effects of the proposed 

United States (U.S.) Department of State (DOS) Bureau of Diplomatic Security Foreign Affairs Security 

Training Center (FASTC) (the Proposed Action), a training facility for U.S. government security personnel to 

be established at the Army National Guard Maneuver Training Center Fort Pickett (Fort Pickett) and Local 

Redevelopment Authority land in Nottoway County, Virginia. The Proposed Action would consolidate hard 

skills training functions currently taking place at various leased and contracted facilities into one state-of-

the-art center. This TIA considers planning year 2018 operational conditions because 90 percent of the 

training program would be operational by 2018. By 2020, 100 percent of training would be operational. This 

TIA evaluates the full buildout of the Proposed Action by the year 2018. The Proposed Action’s year 2018 

traffic generation is increased by 10 percent to capture 100 percent of project traffic. 

This TIA is a supplement to an earlier TIA prepared by the U.S. General Services Administration (GSA) and 

DOS in 2012 (GSA/DOS 2012). The earlier TIA is referred to throughout this document as the “2012 TIA.” 

This TIA incorporates many of the key assumptions, counts and methods used in the preceding document. 

However, various changes have been incorporated into the Proposed Action since the completion of the 

2012 TIA, including revisions to the project footprint, site access, and on-site land uses. Because these 

changes would substantially alter the Proposed Action’s traffic generation and trip distribution, this TIA 

includes updated analyses and new findings and recommendations. 

Two access options are analyzed. Under Option A, access for project-related traffic to FASTC would be 

provided at the existing Fort Pickett Main Gate (i.e., on Military Road south of Darvills Road) and the 

existing Fort Pickett West Gate (i.e., on West Entrance Road west of Military Road). The existing closed gate 

across Dearing Avenue north of W. 10th Street would remain closed under this option. Under Option B, the 

main access to FASTC would be at an additional access point that would be established on Dearing Avenue, 

north of W. 10th Street (i.e., the existing closed gate would be replaced by an operating controlled access). 

This TIA assumes Fort Pickett traffic would continue to access through the Main Gate and the West Gate, 

and a limited amount of FASTC traffic would also access through these existing gates. The majority of all 

FASTC trips (i.e., approximately 80 percent), including all bus and minivan trips, would be directed to the 

proposed Dearing Avenue gate under Option B. 

Access to and from the FASTC facility would be concentrated along Dearing Avenue between Military Road 

and W. 10th Street. A one-way loop circulation road (or “Entry Loop”) would be constructed to the west of 

Dearing Avenue, and would form two intersections with this roadway. The one-way traffic flow would be 

from north to south. The Entry Loop would provide access to and from the FASTC Core Area. The Core Area 

would accommodate the majority of trips accessing the facility. These trips include passenger cars driven by 

instructors and staff, buses transporting students from area hotels, and minivans transporting students 

from the Core Area to training venues within FASTC. 

The following analyses were performed under year 2018 conditions for both options.  

 Peak hour (i.e., 6:30 to 7:30 a.m. and 4:00 to 5:00 p.m.) capacity analysis at 15 intersections; 
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 Turn lane storage and taper requirements at four intersections on designated Virginia Department 

of Transportation (VDOT)-maintained facilities; and  

 Peak hour traffic volumes and staffing requirements at Fort Pickett access gates. 

This TIA also addresses traffic signal warrants and provides a qualitative assessment of site access and 

internal circulation. The key findings and conclusions of these analyses are described below. 

 Capacity Analysis: Most traffic movements at all intersections would be characterized by Level of 

Service (LOS) A or B with several movements having LOS C or better conditions during both peak 

hours for both options. Because the Proposed Action would not cause any movement to exceed the 

minimum performance standard of LOS D, its traffic impacts would be less than significant and no 

avoidance, minimization or mitigation measures are recommended. 

 Turning Lane Analysis: Although there are no direct traffic impacts, a turning lane analysis was 

performed with projected year 2018 traffic volumes using VDOT design criteria for Access 

Management (VDOT 2005). These criteria address turning lane needs and design features to ensure 

safe and efficient traffic movements.  

o Under the No Action Alternative without the proposed project, the turning lane analysis 

determined that 2018 traffic volumes would result in the existing turning lane storage 

being less than VDOT design standards at two intersections, and that the following turning 

lane improvements may be warranted: 

1. New exclusive westbound left turn lane, including storage and taper, at the Cox 

Road/Military Road intersection. 

2. Extend the existing eastbound right turn lane storage and taper at the Darvills 

Road/Military Road intersection. 

o Under Build Alternative 3 for Option A and B, although there are no significant direct traffic 

impacts from the proposed project, the turning lane analysis determined that additional 

project-related traffic would result in the existing turning lane storage being less than VDOT 

design standards at three intersections. One movement of the U.S. Route 460/Cox Road 

intersection would be less than standard under Option A or B. Under Option B only, one 

movement at the Darvills Road/Military Road intersection and one movement at the 

Darvills Road/Dearing Avenue intersection would be less than standard. To address VDOT 

policy for turning lane storage criteria, the following turning lane improvements may be 

warranted at these three additional intersections: 

1. Extend the existing westbound left turn lane storage and taper at the U.S. Route 

460/Cox Road intersection (Option A and B). 

2. New exclusive westbound right turn lane, including storage and taper, at the Darvills 

Road/Military Road intersection (Option B only). 

3. Extend the existing eastbound right turn lane storage and taper at the Darvills 

Road/Dearing Avenue intersection (Option B only). 

 Fort Pickett Gate Analysis: Neither option would increase traffic levels at either the Main Gate or 

the West Gate so as to necessitate additional guards to process inbound trips. Under Option B, the 

projected future inbound volume at the proposed access gate on Dearing Avenue would be 148 

vehicles during the morning peak hour. This is substantially below the minimum threshold of 375 
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vehicles per hour established by Virginia Army National Guard for two guards per lane. Therefore, 

based on Virginia Army National Guard criteria, a single guard would suffice at this location. 

However, the actual number of guards at this gate would be determined by DOS based upon a 

review of their doctrine and practice for access control. 

 Internal Circulation: The Core Area would accommodate a mixture of vehicles, including personal 

vehicles, buses, and minivans. Also, there would be substantial pedestrian activity at the Core Area, 

as students would transfer from buses to minivans at this location. The following traffic circulation 

measure would avoid potential transportation-related effects: 

1. It is recommended that the Entry Loop be designed to accommodate and efficiently 

process vehicles approaching the Core Area. As feasible, passenger cars traveling to and 

from the surface parking lot should be separated from buses, minivans, and pedestrians. 

Where queues may form, sufficient storage should be provided to avoid blocking adjacent 

lanes and to prevent vehicles from stacking onto Dearing Avenue. To facilitate the transfer 

of students, minivans should be scheduled to arrive and park before buses in the morning, 

while buses should be in place before the arrival of minivans in the afternoon. Signage, 

pavement markings, pedestrian islands and other design elements should be considered to 

accommodate safe and efficient pedestrian movement at the Core Area.  



Final Traffic Impact Analysis for FASTC Nottoway County, Virginia 

Executive Summary ES-4 November 2014 

 

This page intentionally left blank. 



Final Traffic Impact Analysis for FASTC Nottoway County, Virginia 

Table of Contents i November 2014 

TABLE OF CONTENTS 
 

ACRONYMS AND ABBREVIATIONS ............................................................................ Inside Front Cover 

EXECUTIVE SUMMARY .................................................................................................................. ES-1 

CHAPTER 1 INTRODUCTION ........................................................................................................ 1-1 

 PROJECT LOCATION ..................................................................................................................... 1-1 1.1

 PROJECT BACKGROUND................................................................................................................ 1-1 1.2

 Overview of the Proposed Action ............................................................................. 1-1 1.2.1

 Previous Studies ........................................................................................................ 1-3 1.2.2

 ACCESS OPTIONS ........................................................................................................................ 1-4 1.3

 Option A .................................................................................................................... 1-4 1.3.1

 Option B ..................................................................................................................... 1-4 1.3.2

CHAPTER 2 ANALYSIS METHODS ................................................................................................. 2-1 

 CAPACITY ANALYSIS PROCEDURES .................................................................................................. 2-1 2.1

 Intersection LOS ........................................................................................................ 2-1 2.1.1

 Target LOS and Significance Criteria ......................................................................... 2-2 2.1.2

 OTHER TRAFFIC ANALYSES ............................................................................................................ 2-2 2.2

 Turn Lane Analysis ..................................................................................................... 2-2 2.2.1

 Fort Pickett Access Gate Analysis .............................................................................. 2-2 2.2.2

 Intersection Control Warrants .................................................................................. 2-3 2.2.3

 OTHER CONSIDERATIONS ............................................................................................................. 2-3 2.3

 TRAFFIC REGION OF INFLUENCE ..................................................................................................... 2-3 2.4

CHAPTER 3 EXISTING CONDITIONS ............................................................................................. 3-1 

 EXISTING TRAFFIC COUNTS ........................................................................................................... 3-1 3.1

 EXISTING TRANSPORTATION NETWORK ........................................................................................... 3-1 3.2

 INTERSECTION LOS ..................................................................................................................... 3-4 3.3

 OTHER TRAFFIC ANALYSES ............................................................................................................ 3-5 3.4

 Turn Lane Analysis ..................................................................................................... 3-5 3.4.1

 Fort Pickett Access Gate Analysis .............................................................................. 3-6 3.4.2

 Intersection Control Warrants .................................................................................. 3-6 3.4.3

CHAPTER 4 NO ACTION ALTERNATIVE (YEAR 2018) ..................................................................... 4-1 

 PROJECTED TRAFFIC GROWTH ....................................................................................................... 4-1 4.1

 INTERSECTION LOS ..................................................................................................................... 4-1 4.2

 OTHER TRAFFIC ANALYSES ............................................................................................................ 4-6 4.3

 Turn Lane Analysis ..................................................................................................... 4-6 4.3.1

 Fort Pickett Access Gate Analysis .............................................................................. 4-7 4.3.2

 Intersection Control Warrants .................................................................................. 4-7 4.3.3



Final Traffic Impact Analysis for FASTC Nottoway County, Virginia 

Table of Contents ii November 2014 

CHAPTER 5 PROJECT TRAFFIC ..................................................................................................... 5-1 

 TRAFFIC GENERATION .................................................................................................................. 5-1 5.1

 TRIP DISTRIBUTION ..................................................................................................................... 5-2 5.2

 OPTION A TRAFFIC VOLUMES ....................................................................................................... 5-4 5.3

 OPTION B TRAFFIC VOLUMES ........................................................................................................ 5-4 5.4

CHAPTER 6 PROJECT IMPACTS .................................................................................................... 6-1 

 BUILD ALTERNATIVE 3, ACCESS OPTION A ....................................................................................... 6-1 6.1

 Intersection LOS ........................................................................................................ 6-1 6.1.1

 Other Traffic Analyses ............................................................................................... 6-2 6.1.2

 BUILD ALTERNATIVE 3, ACCESS OPTION B ....................................................................................... 6-5 6.2

 Intersection LOS ........................................................................................................ 6-5 6.2.1

 Other Traffic Analyses ............................................................................................... 6-6 6.2.2

 CONSTRUCTION IMPACTS ............................................................................................................. 6-9 6.3

 CUMULATIVE IMPACTS ................................................................................................................. 6-9 6.4

CHAPTER 7 FINDINGS AND RECOMMENDATIONS ........................................................................ 7-1 

CHAPTER 8 REFERENCES ............................................................................................................. 8-1 

 

List of Attachments 
 

ATTACHMENT A 2014 TRAFFIC COUNTS ................................................................................................... A-1 

ATTACHMENT B EXCERPTS FROM THE 2012 TIA ...................................................................................... B-1 

ATTACHMENT C INTERSECTION WORKSHEETS ......................................................................................... C-1 

ATTACHMENT D TURN LANE ANALYSIS .................................................................................................... D-1 

  



Final Traffic Impact Analysis for FASTC Nottoway County, Virginia 

Table of Contents iii November 2014 

List of Figures 

Figure 1-1. Project Location ....................................................................................................................... 1-2 

Figure 1-2. Build Alternative 3, Access Options A and B ............................................................................ 1-5 

Figure 2-2. Intersections in the ROI ........................................................................................................... 2-5 

Figure 3-1. Existing (Year 2014) Peak Hour Traffic Volumes ...................................................................... 3-2 

Figure 3-2. Existing Intersection Characteristics ........................................................................................ 3-3 

Figure 4-1. No Action (Year 2018) Peak Hour Traffic Volumes .................................................................. 4-4 

Figure 5-1. Option A Trip Distribution ........................................................................................................ 5-5 

Figure 5-2. Option A Traffic Assignment .................................................................................................... 5-6 

Figure 5-3. Option A (Year 2018) Peak Hour Traffic Volumes .................................................................... 5-7 

Figure 5-4. Option B Trip Distribution ........................................................................................................ 5-8 

Figure 5-5. Option B Traffic Assignment .................................................................................................... 5-9 

Figure 5-6. Option B (Year 2018) Peak Hour Traffic Volumes .................................................................. 5-10 

List of Tables 

Table 2-1. Traffic Conditions Associated with LOS Ratings ........................................................................ 2-1 

Table 2-2. Intersection LOS Delay Thresholds ........................................................................................... 2-2 

Table 2-3. ROI Intersections ....................................................................................................................... 2-4 

Table 3-1. Summary of Intersection LOS – Existing Conditions (Year 2014) .............................................. 3-4 

Table 3-2. Summary of Turn Lane Treatments – Existing Conditions (Year 2014) .................................... 3-5 

Table 3-3. Summary of Gate Analysis – Existing Conditions (Year 2014) .................................................. 3-6 

Table 4-1. Summary of Intersection LOS – No Action Alternative (Year 2018) ......................................... 4-1 

Table 4-2. Summary of Turn Lane Analyses - No Action Alternative (Year 2018) ..................................... 4-6 

Table 4-3. Summary of Gate Analysis – No Action Alternative (Year 2018) .............................................. 4-7 

Table 5-1. Traffic Generation Summary ..................................................................................................... 5-3 

Table 6-1. Summary of Intersection LOS – Build Alternative 3, Option A (Year 2018) .............................. 6-1 

Table 6-2. Summary of Turn Lane Analyses – Build Alternative 3, Option A (Year 2018) ......................... 6-3 

Table 6-3. Summary of Gate Analysis – Build Alternative 3, Option A (Year 2018) ................................... 6-4 

Table 6-4. Summary of Intersection LOS – Build Alternative 3, Option B (Year 2018) .............................. 6-5 

Table 6-5. Summary of Turn Lane Analyses – Build Alternative 3, Option B (Year 2018) ......................... 6-7 

Table 6-6. Summary of Gate Analysis – Build Alternative 3, Option B (Year 2018) ................................... 6-8 

file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757536
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757537
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757539
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757540
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757541
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757542
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757543
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757544
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757545
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757546
file://tecinc.com/backend/Middletown/Projects/8771%20FASTC%20SEIS/045%20Traffic/Final%20Traffic%20Report/FINAL%20report/FASTC%20Final%20Traffic%20Impact%20Analysis_25Nov14.docx%23_Toc404757547


Final Traffic Impact Analysis for FASTC Nottoway County, Virginia 

Table of Contents iv November 2014 

 

This page intentionally left blank. 



Final Traffic Impact Analysis for FASTC Nottoway County, Virginia 

1.0 Introduction 1-1 November 2014 

 INTRODUCTION Chapter 1

 PROJECT LOCATION 1.1

This Traffic Impact Analysis (TIA) evaluates the potential traffic-related effects caused by the proposed 

construction and operation of a consolidated United States (U.S.) Department of State (DOS) Bureau of 

Diplomatic Security Foreign Affairs Security Training Center (FASTC) at Army National Guard (ARNG) 

Maneuver Training Center Fort Pickett (Fort Pickett) and Local Redevelopment Authority (LRA) land in 

Nottoway County, Virginia. This TIA supports National Environmental Policy Act analysis of the Proposed 

Action, and substantiates the analysis of transportation impacts documented in the Supplemental Draft 

Environmental Impact Statement (SDEIS) for FASTC Nottoway County, Virginia (referred to from here 

forward as the “FASTC SDEIS”). The proposed project site is located in south central Virginia, near the 

town of Blackstone in Nottoway County, approximately 60 miles southwest of Richmond and 40 miles 

west of Petersburg. The project site is within the Fort Pickett boundary, which contains portions of 

Nottoway, Dinwiddie, Brunswick, and Lunenburg Counties (Figure 1-1). 

 PROJECT BACKGROUND 1.2

 Overview of the Proposed Action 1.2.1

The Proposed Action is the acquisition of land and the development of a consolidated DOS FASTC at Fort 

Pickett and LRA land in Nottoway County, Virginia. The Proposed Action would consolidate hard skills1 

training functions currently taking place at various leased and contracted facilities into one state-of-the-

art center. These facilities would no longer be leased or contracted by DOS after full implementation of 

the Proposed Action. 

After completion of construction, FASTC would be a consolidated hard skills training center for a rotating 

student population of 8,000–10,000 annually. FASTC would offer state-of-the-art instruction in hard 

skills, as well as support functions including administration and emergency medical technicians. Normal 

operating hours would be 7:30 a.m. to 5:00 p.m., Monday through Friday, 50 weeks a year. However, 

should operational needs so require, FASTC would have the capability to operate 24 hours a day, seven 

days a week, year round. An average of 600 students would be on-site on an average training day. 

Training would range from 5 days to 6 months in length, with an average student stay of 14 days.  

  

                                                           

1 Tactical skills such as driving, weapons/explosives training, simulation, and other types of training. 
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Figure 1-1. Project Location 
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FASTC staff would be anticipated to arrive at the facility between 6:30 a.m. and 8:00 a.m. and depart at 

5:00 p.m., Monday through Friday. A small night crew would remain on-site for possible service calls. 

Similar hours are anticipated for occasional weekend training sessions. Limited night training sessions 

would require some FASTC staff to leave the facility between 7:00 p.m. and midnight. FASTC staff 

employees are anticipated to commute daily to the facility in personally operated vehicles, although a 

small portion may utilize van pools, if available. 

Due to the substantial size of the entire project, FASTC would be constructed over a five-year period. 

Construction would begin in the fall of 2015 and would be completed by 2020. Training venues would 

begin to operate in 2016 with approximately 10 percent of training operations underway. By 2018, all 

training venues fundamental to the FASTC training program would be in place, and 90 percent of the 

training program would be operational. By 2020, 100 percent of training would be operational. Phasing 

schedules continue to evolve and would ultimately depend on timeframes for design and appropriated 

funding from Congress, but they are estimated in the FASTC SDEIS for the purposes of analysis.  

 Previous Studies 1.2.2

The U.S. General Services Administration (GSA) and DOS prepared a Draft Environmental Impact 

Statement for the FASTC project in 2012. As part of this effort, a TIA was prepared to assess the project’s 

traffic-related effects. That document, referred to hereafter as the “2012 TIA,” addressed the project’s 

impacts on intersection capacity, turn bay storage, gate operations, and other topics (GSA/DOS 2012). 

This TIA is a supplement to the 2012 TIA and incorporates many of the key assumptions, counts and 

methods used in the preceding document. Since the completion of 2012 TIA, a draft Master Plan Update 

has been prepared (GSA/DOS 2014a). The Master Plan Update incorporates the following changes to the 

project description that are pertinent to traffic impacts: 

 LRA Parcel 10, a development area located along the western boundary of Fort Pickett, is no 

longer a part of the Proposed Action; 

 Lodging facilities have been removed from the Proposed Action. Instead, students would be 

housed in area hotels and would be transported to and from FASTC by bus; 

 The Proposed Action may establish an access gate on Dearing Avenue to the north of W. 10th 

Street. (The traffic impacts associated with this access option are addressed in this TIA as Option 

B.); and 

 As documented in the Master Plan Update, access to and from FASTC would be focused along 

Dearing Avenue. A Core Area would be established within the Grid Parcel, to the west of Dearing 

Avenue. A one-way Entry Loop circulation road would be built to connect the Core Area to 

Dearing Avenue. Instructors, staff and students would enter FASTC via the Entry Loop. 

Instructors and staff would park their personal vehicles in a surface lot, while students would be 

transported from the Core Area to FASTC training venues by minivans, which would be 

positioned at the Core Area before the students arrive by bus. 

Because these changes would substantially change the number and directional distribution of project- 

vehicle trips, this TIA includes additional traffic data collection and updated traffic analyses.  
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 ACCESS OPTIONS 1.3

The FASTC SDEIS evaluates one action alternative: Build Alternative 3. This TIA analyzes the traffic 

impacts associated with the Fort Pickett access options described below (Figure 1-2). 

 Option A 1.3.1

Under Option A, access to and from the project area would be provided via the existing Fort Pickett 

gates (i.e., the Main Gate and West Gate), which are located to the west of the proposed FASTC 

development. Project traffic would approach the Core Area entrance on Dearing Avenue primarily via W. 

10th Street and Military Road. The existing gate across Dearing Avenue, to the north of W. 10th Street, 

would remain closed under this option. 

 Option B 1.3.2

Under Option B, a new Fort Pickett access gate would be established on Dearing Avenue, to the north of 

W. 10th Street. This TIA assumes Fort Pickett traffic would continue to access through the Main Gate 

and the West Gate, and a limited amount of FASTC traffic would also access through these existing 

gates. Project traffic would be able to approach FASTC via Darvills Road and Dearing Avenue. This 

proposed gate would accommodate the majority of FASTC trips, including all bus and minivan trips. To 

provide a conservative analysis, this TIA also assumes that the proposed new access gate could also be 

used by Fort Pickett personnel. As a result, some existing traffic accessing the installation via the Main 

Gate would shift to the proposed Dearing Avenue Gate.  
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Figure 1-2. Build Alternative 3, Access Options A and B 
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 ANALYSIS METHODS Chapter 2

Because of the generally dispersed nature of land use development in the project area, and the absence 

of pedestrian, bicycle, and transit facilities and services adjacent to the FASTC site (GSA/DOS 2014a), the 

Proposed Action’s transportation impacts would be caused by an increase in traffic (i.e., passenger cars, 

buses, and minivans) on the existing street network. Methods used to determine the significance of the 

Proposed Action’s traffic impacts are described in the following paragraphs. 

 CAPACITY ANALYSIS PROCEDURES 2.1

Roadway and intersection operating conditions and the adequacy of existing roadway systems to 

accommodate projected future traffic are described in terms of Level of Service (LOS) ratings. LOS is a 

method used to rate the performance of streets, intersections, and other highway facilities. Developed 

by the Transportation Research Board (TRB), and documented since 1965 in various editions of the 

Highway Capacity Manual (HCM), LOS rates performance on a scale of A to F, with LOS A reflecting free 

flowing conditions and LOS F representing heavily congested conditions (TRB 2010). Table 2-1 

summarizes the general traffic conditions associated with each LOS rating. 

Table 2-1. Traffic Conditions Associated with LOS Ratings 

LOS Rating Description of Traffic Conditions 

A 
Traffic flows freely, with little or no restrictions to vehicle maneuvers 
within the traffic stream. 

B 
Reasonably free-flowing conditions, with slight restrictions to vehicle 
maneuvers within the traffic stream. 

C 
Traffic speed approaches free-flowing conditions, but freedom to 
maneuver within the traffic stream noticeably restricted. 

D 
Traffic speed begins to be reduced, and freedom to maneuver is 
seriously limited due to a high concentration of traffic. 

E 
Unpredictable traffic flow, with virtually no usable gaps in the traffic 
stream to accommodate vehicle maneuvers.   

F 
Unstable traffic flow resulting in delays and the formation of queues 
in locations where traffic demand exceeds roadway capacity. 

Source: TRB 2010. 

 Intersection LOS 2.1.1

Intersection capacity analysis was conducted in accordance with procedures contained in Chapter 18 

(signalized intersections) and Chapter 19 (unsignalized intersections with stop signs on one or two 

intersection legs) of the HCM (TRB 2010). Data used in intersection analysis include peak-hour2 turning 

movement traffic volumes, the number of lanes, the timing and phasing of the traffic signal, and other 

factors. Analysis was performed using the Synchro 8 software (published by Trafficware), which 

incorporates the current HCM analysis procedures (TRB 2010). LOS for signalized and unsignalized 

                                                           

2 Typically the single hour having the highest concentration of traffic that occurs during traditional morning and afternoon 
commuting periods (i.e., 6:00 to 9:00 a.m. and 3:30 to 6:30 p.m.). 
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intersections is measured in terms of delay in seconds per vehicle. Table 2-2 presents the delay values 

associated with each LOS grade for both signalized and unsignalized intersections. 

 Target LOS and Significance Criteria 2.1.2

For the purposes of this TIA, the target LOS for intersections in the project area is LOS C. Accordingly, 

LOS A, B, and C are considered to be acceptable LOS, while LOS D, E, and F are considered to be 

unacceptable. Where a project has a significant impact on an intersection that does not meet the target 

LOS of C, mitigation measures may be identified to minimize or avoid the project’s effect on traffic. 

Based on typical industry standards, a project is considered to have a significant impact on the 

operations of an intersection when the addition of project traffic results in a LOS dropping from LOS C or 

better to LOS D, E or F. In addition, a project may contribute toward a substantial cumulative effect if its 

traffic, when taken together with traffic from past, present and reasonably foreseeable future projects, 

causes intersection LOS to decline from LOS A through C to LOS D through F. 

 OTHER TRAFFIC ANALYSES 2.2

 Turn Lane Analysis 2.2.1

An increase in the number of vehicles making left or right turns at an intersection may necessitate 

establishing or expanding turn lanes to improve traffic flow. Consistent with Virginia Department of 

Transportation’s (VDOT) Road Design Manual. Appendix F (VDOT 2005), a turn lane analysis was 

performed for left and right turn movements at unsignalized intersections along state highways that are 

designated as principal arterials, collectors, and local streets. Designated routes in the traffic Region of 

Influence (ROI) include U.S. Route 460 and Darvills Road (VA Route 40) (VDOT 2007). Therefore, four 

intersections (i.e., intersections 1-3 and intersection 13) were evaluated. Turn lane requirements were 

analyzed per VDOT criteria, which provides guidelines for establishing turn lanes on two- and four-lane 

highways (VDOT 2005).  

 Fort Pickett Access Gate Analysis 2.2.2

At present, access to Fort Pickett is controlled by two access gates. The Main Gate is located on Military 

Road south of the intersection of Darvills Road. The West Gate is located on West Entrance Road west of 

the intersection of Military Road. The need for additional personnel at each access gate was evaluated 

based on peak hour traffic volumes and staffing thresholds established by the Virginia Army National 

Table 2-2. Intersection LOS Delay Thresholds 

LOS Rating 

Delay (seconds per vehicle) 

Signalized Intersections 
One-Way Stop-Controlled 

Intersections 

A <10.0 <10.0 

B >10.0 and <25.0 >10.0 and <15.0 

C >20.0 and <35.0 >15.0 and <25.0 

D >35.0 and <55.0 >25.0 and <35.0 

E >55.0 and <80.0 >35.0 and <50.0 

F >80.0 >50.0 

Source: TRB 2010.  
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Guard. Specifically, the number of guards at each gate is determined based on the number of vehicles 

per hour per lane (vphpl) as follows: 

1. < 375 vphpl: one guard 

2. ≥ 375 and < 675 vphpl: two guards 

3. ≥ 675 vphpl: three guards  

The No Action Alternative and Option A analyzed the two access gates included in the 2012 TIA. The 

proposed Dearing Avenue access gate in Option B is expected to provide minimal traffic redistribution of 

both project related trips and Fort Pickett personnel, as discussed in Section 1.3.2.  

 Intersection Control Warrants 2.2.3

Changes in traffic patterns may necessitate modification of existing forms of traffic control, such as stop 

signs and traffic signals. The Manual on Uniform Traffic Control Devices (MUTCD) (Federal Highway 

Administration 2012) provides various thresholds that may be used to assess whether or not installation 

of a specific traffic control device is justified to better regulate traffic. Chapter 4C of the MUTCD includes 

a series of nine separate warrants that may be used to evaluate traffic signal installation. Consistent 

with the 2012 TIA, traffic signal warrant analysis is performed only at intersections with traffic 

movements characterized by LOS E or LOS F (GSA/DOS 2012).  

 OTHER CONSIDERATIONS 2.3

VDOT has established guidelines for the scope and content of a traffic impact analysis, which are 

described in the VDOT Traffic Impact Regulations (henceforth referred to as Chapter 527). A VDOT TIA is 

not required for this project since the FASTC site will generate less than 5,000 vehicles per day, which is 

the minimum threshold for a Chapter 527 study. Nevertheless, the 2012 TIA was developed in 

consultation with VDOT staff and completed in accordance with Chapter 527 (GSA/DOS 2012). The 

current TIA incorporates the same methods as the 2012 TIA and therefore also complies with Chapter 

527. Consistent with direction from VDOT staff in the preparation of 2012 TIA, this TIA does not include 

a speed survey, an assessment of collision history, or an evaluation of intersection sight distance. 

 TRAFFIC REGION OF INFLUENCE 2.4

For the purposes of this TIA, the ROI consists of those intersections expected to accommodate the 

greatest concentration of project-related traffic. These intersections lie along likely routes between the 

trip origins (i.e., residences for instructors and staff and area hotels for students). The ROI consists of 15 

intersections (Figure 2-2)3. Table 2-3 lists the ROI intersections and type of existing traffic control 

provided at each location.  

 

                                                           

3 Figure 2-2 and Table 2-3 include the VDOT route designations for roadways that are part of the state-maintained 
highway system (i.e., U.S. Route, Virginia Route, and Secondary Road). For ease of reference, these roadways are 
referred to by their street name (rather than route number) throughout the remainder of this TIA. 
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Table 2-3. ROI Intersections 

Intersection* Traffic Control 

1.  U.S. Route 460 (W Colonial Trail Highway)/Cox 
Road/Yellowbird Road SR 609) 

Two-Way Stop 

2.  Cox Road (U.S. Route 460 Business)/Military Road (SR 750) One-Way Stop 

3.  Military Road (SR 750)/Darvills Road (VA Route 40) Two-Way Stop 

4.  Military Road/W. 10th Street Two-Way Stop 

5.  Military Road/ West Entrance Road  One-Way Stop 

6.  Military Road/Garnett Avenue (SR 756) Two-Way Stop 

7.  Military Road/Armistead Avenue (SR 755) Two-Way Stop 

8.  Military Road/Dearing Avenue Two-Way Stop 

9.  W. 10th Street (SR 753)/Warehouse Street One-Way Stop 

10.  West Entrance Road (SR 643)/8th Street/S. Main Street 
(VA Route 40/U.S. Route 460 Business) 

Signal 

11.  Church Street (U.S. Route 460 Business)/S. Main Street 
(VA Route 40/U.S. Route 460 Business) 

Signal 

12.  Dinwiddie Avenue (VA Route 40)/N. Main Street (VA 
Route 40/U.S. Route 460 Business) 

Signal 

13.  Darvills Road (VA Route 40)/Dearing Avenue (SR 752) One-Way Stop 

14.  W. 10th Street (SR 753)/Dearing Avenue (SR 752) One-Way Stop 

15.  Business Driveway/Dearing Avenue (SR 752) One-Way Stop 

Notes: 
*Figure 2-2 depicts the intersection numbers. SR = Secondary Road; VA Route = Virginia Route. 
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Figure 2-2. Intersections in the ROI 
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 EXISTING CONDITIONS Chapter 3

The Proposed Action would be developed within Fort Pickett, a military installation that contains several 

developed areas that are surrounded by undeveloped land. Access to Fort Pickett is controlled by two 

gates. The Main Gate is located on Military Road to the south of Darvills Road. The West Gate is located 

on West Entrance Road to the west of Military Road. Runways and related aviation facilities are located 

within the Blackstone Army Airfield/Allen C. Perkinson Municipal Airport, in the northwestern area of 

the installation. The Town of Blackstone is located along the western boundary of the installation. Other 

areas surrounding Fort Pickett to the north and east are characterized by undeveloped land, highways, 

and dispersed areas of low-intensity development. 

 EXISTING TRAFFIC COUNTS 3.1

Peak hour traffic data for intersections 1 through 12, as described in Table 2-2, was collected in support 

of the 2012 TIA in April 2012. Counts at intersections 13 through 15 were completed in August 2014. A 

compounded annual growth rate of one percent per year (GSA/DOS 2012) was applied uniformly to all 

movements in the 2012 counts to provide a consistent basis for evaluating existing traffic conditions. 

Therefore, the analysis presented in this Chapter is for the year 2014. The peak hours are 6:30 to 7:30 

a.m. and 4:00 to 5:00 p.m. (GSA/DOS 2012). Figure 3-1 depicts existing peak hour turning 

movement/traffic volume counts in the ROI. Attachment A contains copies of the 2014 traffic count 

summaries for intersections 13 through 15.  

 EXISTING TRANSPORTATION NETWORK 3.2

Existing lane geometry and traffic control for all ROI intersections is presented in Figure 3-2. Attachment 

B contains excerpts from the 2012 TIA that describes posted speed limits, functional roadway 

classifications in the Town of Blackstone, VDOT Secondary Roads (SR) proximate to the project site, 

programmed transportation improvements, and the Blackstone Area Bus System. Since the publication 

of the 2012 TIA, new information has become available regarding programmed transportation 

improvements and bus route alignment and schedule. The applicable exhibits in Attachment B have 

been revised to include the updated information. As applicable, data contained in Attachment B has 

been incorporated into the analysis summarized in this and subsequent chapters, consistent with the 

2012 TIA. Specifically, posted speed limit data has been incorporated into the turn lane analysis that was 

performed at intersections 1 through 3 (refer to Section 3.4.1). 
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Figure 3-1. Existing (Year 2014) Peak Hour Traffic Volumes 
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Figure 3-2. Existing Intersection Characteristics 
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 INTERSECTION LOS 3.3

Existing traffic conditions within the ROI were evaluated using the methods described above in Chapter 

2, and using the peak hour traffic volumes and intersection characteristics shown in Figures 3-1 and 3-2, 

respectively. Analysis worksheets for these intersections are provided in Attachment C. As shown in 

Table 3-1, most intersection movements are characterized by LOS A or B, and several have LOS C 

conditions during both peak hours. 

Table 3-1. Summary of Intersection LOS – Existing Conditions (Year 2014) 

Intersection 
Traffic 

Control 
Traffic Movement

(a)
 

A.M. Peak Hour P.M. Peak Hour 

Delay
(b)

 LOS
(c)

 Delay
(b)

 LOS
(c)

 

1 

U.S. Route 460 (W 

Colonial Trail Hwy)/ 

Cox Rd/Yellowbird Rd 

TWSC 

NB Left/Through/Right 11.0 B 12.7 B 

EB Left 8.6 A 7.5 A 
WB Left 8.2 A 7.5 A 
SB Left/Through/Right 14.6 B 12.6 B 

2 
Cox Rd (U.S. Route 
460 Bus)/Military Rd 

OWSC 
NB Left/Right 9.2 A 10.0 B 
WB Left 7.7 A 7.9 A 

3 

Darvills Rd (VA Route 

40)/Military Rd 

TWSC 

NB Left 11.1 B 10.0 B 
NB Through 10.0 B 11.0 B 
NB Right 8.5 A 8.6 A 
EB Left 7.3 A 7.4 A 
WB Left 7.3 A 7.5 A 
SB Left/Right 11.3 B 10.5 B 

4 

W 10th St/Military Rd 

TWSC 

WB Left/Through/Right 10.6 B 10.0 B 
EB Left/Through/Right 0.0 A 9.7 A 
SB Left 7.6 A 7.6 A 

5 
West Entrance 
Rd/Military Rd 

OWSC 
NB Left 7.4 A 7.5 A 
EB Left/Right 10.1 B 9.4 A 

6 

Military Rd/Garnett 
Ave 

TWSC 

NB Left/Through/Right 9.6 A 9.4 A 
EB Left 7.2 A 7.6 A 
WB Left 7.5 A 7.3 A 
SB Left/Through/Right 8.8 A 9.1 A 

7 

Military 
Rd/Armistead Ave TWSC 

NB Left/Through/Right 9.3 A 9.1 A 
EB Left 7.2 A 7.6 A 
SB Left/Through/Right 8.3 A 8.7 A 

8 
Military Rd/Dearing 
Ave 

TWSC 
NB Left 7.2 A 7.2 A 
EB Left/Through/Right 8.3 A 0.0 A 

9 
W 10th 
St/Warehouse St 

OWSC 
EB Left 7.9 A 7.4 A 
SB Left/Right 8.7 A 8.9 A 

10 

8th St/West Entrance 
Rd/S Main St 

Signal 

Overall (all movements) 14.8 B 17.9 B 
EB Left/Through/Right 21.6 C 28.8 C 
WB Left/Through/Right 20.0 C 28.5 C 
NB Left/Through/Right 17.8 B 19.1 B 
SB Left/Right 9.5 A 10.5 B 

11 

Church St (U.S. Route 
460 Bus)/S Main St 
(U.S. 460 Bus/VA 
Route 40) 

Signal 

Overall (all movements) 8.3 A 10.7 B 
EB Left/Right 12.1 B 12.6 B 
NB Left/Through 5.3 A 7.3 A 
SB Through/Right 10.1 B 14.1 B 
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Intersection 
Traffic 

Control 
Traffic Movement

(a)
 

A.M. Peak Hour P.M. Peak Hour 

Delay
(b)

 LOS
(c)

 Delay
(b)

 LOS
(c)

 

12 

Dinwiddie Ave (VA 
Route 40)/N Main St 
(U.S. Route 460/VA 
Route 40) 

Signal 

Overall (all movements) 17.1 B 15.8 B 
EB Left/Through/Right 21.8 C 22.2 C 
WB Left/Through/Right 25.5 C 23.7 C 
NB Left/Through/Right 20.7 C 16.7 B 
SB Left/Through/Right 12.7 B 10.3 B 

13 
Darvills Rd (VA Route 
40)/Dearing Ave 

OWSC 
NB Left/Right 8.6 A 9.1 A 
WB Left 7.3 A 7.3 A 

14 
W 10th St/Dearing 
Ave 

OWSC 
(d) (d)

 
(d)

 
(d)

 
(d)

 

15 
Business Driveway/ 
Dearing Ave 

OWSC EB Left/Right 8.6 A 8.7 A 

Notes:  
Bus = Business Route; EB = eastbound; LOS = TRB; NB = northbound; OWSC = one-way stop control; SB = southbound; TWSC = two-
way stop control; WB = Westbound. 
(a)

 LOS is provided only for movements that would experience delay during one or both peak hours. 
(b)

 Delay is measured in seconds per vehicle. 
(c)

 LOS calculations are based on HCM (TRB 2010) methods, and were performed using Synchro 8. 
(d) 

W 10th St/Dearing Ave (intersection 14) was not analyzed because it has no conflicting movements. 

 OTHER TRAFFIC ANALYSES 3.4

 Turn Lane Analysis 3.4.1

Existing turn lane treatments are summarized below in Table 3-2 (GSA/DOS 2012). 

Table 3-2. Summary of Turn Lane Treatments – Existing Conditions (Year 2014) 

Intersection and Movement Existing Turn Lane Treatment 

U.S. Route 460 at Cox Rd (intersection 1) 

Eastbound Left 125-foot Left Turn Lane with 75-foot Taper 

Eastbound Right 50-foot Right Turn Lane with 125-foot Taper 

Westbound Left 100-foot Left Turn Lane with 150-footTaper 

Westbound Right 100-foot Right Turn Lane with 50-foot Taper 

Cox Rd and Military Rd (Intersection 2) 

Eastbound Right None 

Westbound Left None 

Darvills Rd and Military Rd (intersection 3) 

Eastbound Left None 

Eastbound Right 50-foot Right Turn Lane with 50-foot Taper 

Westbound Left None 

Westbound Right None 

Northbound Left 150-foot Left Turn Lane with 50-foot Taper 

Northbound Right 25-foot Right Turn Lane with 50-foot Taper 

Southbound Left None 

Southbound Right None 
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Intersection and Movement Existing Turn Lane Treatment 

Darvills Rd at Dearing Ave (intersection 13) 

Eastbound Right 110-foot Right Turn Lane with 135-foot Taper 

Westbound Left 165-foot Left Turn Lane with 110-foot Taper 

  Fort Pickett Access Gate Analysis 3.4.2

The Main Gate has two inbound lanes with one guard each. As shown in Table 3-3, the Main Gate’s 

existing volumes are below the 375 vphpl threshold that would necessitate more than one guard per 

lane, for both the morning and afternoon peak-hour. The West Gate also has two inbound lanes with 

one guard per lane. The morning and afternoon peak-hour volumes were also below the 375 vphpl 

threshold for the West Gate.  

Table 3-3. Summary of Gate Analysis – Existing Conditions (Year 2014) 

Main Gate (Military Road) West Gate (West Entrance Road) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 2 

vph vph vph vph vph vph vph vph 

188 123 15 14 64 79 14 14 

Guards Guards Guards Guards Guards Guards Guards Guards 

1 1 1 1 1 1 1 1 

Note: 
vph = vehicles per hour. 

 Intersection Control Warrants 3.4.3

Because none of the traffic movements at any of the intersections are characterized by LOS E or LOS F, 

no traffic signal warrant analysis was performed. All unsignalized intersections operate at LOS A or B 

during both peak hours; therefore, traffic signal installation is not needed to address existing 

intersection delay. 
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 NO ACTION ALTERNATIVE (YEAR 2018) Chapter 4

The Proposed Action would be 90 percent operational in 2018 and 100 percent operational by 2020. 

This TIA evaluates the full buildout of the Proposed Action by 2018. The following paragraphs describe 

future traffic conditions in planning year 2018 without the Proposed Action.  

 PROJECTED TRAFFIC GROWTH 4.1

Consistent with the 2012 TIA, a compounded annual growth rate of one percent per year was applied to 

existing morning and afternoon peak hour volumes at all ROI intersections. This results in a growth 

factor of 1.0406 over the four-year period from 2014 to 2018. Figure 4-1 shows the peak hour turning 

movement volumes of the No Action Alternative.  

 INTERSECTION LOS 4.2

Under the No Action Alternative, all intersections in the ROI are expected to have the same intersection 

lane geometry and traffic control as under existing conditions. Table 4-1 displays the LOS analysis results 

for ROI intersections under the No Action Alternative. As shown in the table, most intersection 

movements within the ROI would operate at LOS A or B, and several would operate at LOS C conditions 

during both peak hours. Refer to Attachment C for intersection capacity worksheets. 

Table 4-1. Summary of Intersection LOS – No Action Alternative (Year 2018) 

Intersection 
Traffic 

Control 
Traffic Movement

(a)
  

A.M. Peak Hour P.M. Peak Hour 

Delay
(b)

 LOS
(c)

 Delay
(b)

 LOS
(c)

 

1 

U.S. Route 460 (W 

Colonial Trail Hwy)/ 

Cox Rd/Yellowbird Rd 

TWSC 

NB Left/Through/Right 11.1 B 13.0 B 

EB Left 8.7 A 7.6 A 
WB Left 8.3 A 7.9 A 

SB Left/Through/Right 15.1 C 12.9 B 

2 
Cox Rd (U.S. Route 
460 Bus)/Military Rd 

OWSC 
NB Left/Right 9.3 A 10.1 B 

WB Left 7.8 A 7.9 A 

3 
Darvills Rd (VA Route 

40)/Military Rd 
TWSC 

NB Left 11.2 B 10.0 B 

NB Through 10.1 B 11.1 B 

NB Right 8.5 A 8.6 A 

EB Left 7.3 A 7.4 A 

WB Left 7.3 A 7.5 A 

SB Left/Right 11.5 B 10.6 B 

4 W 10th St/Military Rd TWSC 

WB Left/Through/Right 10.8 B 10.1 B 

EB Left/Through/Right 0.0 A 9.8 A 

SB Left 7.6 A 7.6 A 

5 
West Entrance 
Rd/Military Rd 

OWSC 
NB Left 7.5 A 7.5 A 

EB Left/Right 10.1 B 9.4 A 

6 
Military Rd/Garnett 
Ave 

TWSC 

NB Left/Through/Right 9.6 A 9.5 A 

EB Left 7.2 A 7.6 A 

WB Left 7.5 A 7.3 A 

SB Left/Through/Right 8.8 A 9.1 A 
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Intersection 
Traffic 

Control 
Traffic Movement

(a)
  

A.M. Peak Hour P.M. Peak Hour 

Delay
(b)

 LOS
(c)

 Delay
(b)

 LOS
(c)

 

7 
Military 
Rd/Armistead Ave 

TWSC 

NB Left/Through/Right 9.4 A 9.2 A 

EB Left 7.2 A 7.6 A 

SB Left/Through/Right 8.3 A 8.7 A 

8 
Military Rd/Dearing 
Ave 

TWSC 
NB Left 7.2 A 7.2 A 

EB Left/Through/Right 8.3 A 0.0 A 

9 
W 10th 
St/Warehouse St 

OWSC 
EB Left 7.9 A 7.4 A 

SB Left/Right 8.7 A 8.9 A 

10 
8th St/West Entrance 
Rd/S Main St 

Signal 

Overall (all movements) 15.1 B 18.2 B 

EB Left/Through/Right 21.7 C 29.8 C 

WB Left/Through/Right 20.1 C 29.3 C 

NB Left/Through/Right 18.2 B 19.4 B 

SB Left/Right 9.6 A 10.6 B 

11 

Church St (U.S. Route 
460 Bus)/S Main St 
(U.S. Route 460 
Bus/VA Route 40) 

Signal 

Overall (all movements) 8.3 A 11.0 B 

EB Left/Right 12.1 B 12.8 B 

NB Left/Through 5.3 A 7.5 A 

SB Through/Right 10.2 B 14.5 B 

12 

Dinwiddie Ave (VA 
Route 40)/N Main St 
(U.S. Route 460/VA 
40) 

Signal 

Overall (all movements) 17.3 B 16.1 B 

EB Left/Through/Right 22.0 C 22.3 C 

WB Left/Through/Right 25.4 C 23.9 C 

NB Left/Through/Right 21.1 C 17.0 C 

SB Left/Through/Right 12.9 B 10.5 B 

13 
Darvills Rd (VA Route 
40)/Dearing Ave 

OWSC 
NB Left/Right 8.7 A 9.1 A 

WB Left 7.3 A 7.3 A 

14 
W 10th St/Dearing 
Ave 

OWSC 
(d) (d)

 
(d)

 
(d)

 
(d)

 

15 
Business Driveway/ 
Dearing Ave 

OWSC EB Left/Right 8.6  A 8.7  A 

Notes:  
Bus = Business Route; EB = eastbound; LOS = Level of Service; NB = northbound; OWSC = one-way stop control; SB = southbound; 
TWSC = two-way stop control; WB = Westbound. 
 
(a)

 LOS is provided only for movements that would experience delay during one or both peak hours. 
(b)

 Delay is measured in seconds per vehicle. 
(c)

 LOS calculations are based on HCM (TRB 2010) methods, and were performed using Synchro 8. 
(d) 

W 10th St/Dearing Ave (intersection 14) was not analyzed because it has no conflicting movements. 
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Figure 4-1. No Action (Year 2018) Peak Hour Traffic Volumes 
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 OTHER TRAFFIC ANALYSES 4.3

 Turn Lane Analysis 4.3.1

A turn lane analysis for the No Action Alternative was performed using the methods described in 

Chapter 2. The results of the analysis are summarized in Table 4-2 below. The data tables and charts 

used in the determination of turn lane warrants are provided in Attachment D. According to this, VDOT 

policy would require additional turn lane treatments for the following intersections and movements: 

 Cox Road westbound left at Military Road (intersection 2), and 

 Darvills Road eastbound right at Military Road (intersection 3) 

Table 4-2. Summary of Turn Lane Analyses - No Action Alternative (Year 2018) 

Intersection and 
Movement 

Existing Turn Lane 
Treatment 

Turn Lane Treatment Required per 
VDOT Policy 

Additional Treatment 
Required? 

U.S. Route 460 at Cox Rd (intersection 1)  

Eastbound Left 
125-foot Left Turn Lane 
with 75-foot Taper 

No Left Turn Lane Required NO 

Eastbound Right 
50-foot Right Turn Lane 
with 125-foot Taper 

No Right Turn Lane Required NO 

Westbound Left 
150-foot Left Turn Lane 
with 150-footTaper 

No Left Turn Lane Required NO 

Westbound Right 
100-foot Right Turn Lane 
with 50-foot Taper 

No Right Turn Lane Required NO 

Cox Rd at Military Rd (intersection 2) 

Eastbound Right None No Right Turn Lane Required NO 

Westbound Left None 
Minimum 200-foot Left Turn Lane 
with Minimum 200-foot Taper 

YES 

Darvills Rd at Military Rd (intersection 3)  

Eastbound Left None No Left Turn Lane Required NO 

Eastbound Right 
50-foot Right Turn Lane 
with 50-foot Taper 

Minimum 200-foot Right Turn Lane 
with Minimum 200-foot Taper 

YES 

Westbound Left None No Left Turn Lane Required NO 

Westbound Right None No Right Turn Lane Required NO 

Northbound Left 
150-foot Left Turn Lane 
with 50-foot Taper 

No Left Turn Lane Required NO 

Northbound Right 
25-foot Right Turn Lane 
with 50-foot Taper 

No Right Turn Lane Required NO 

Southbound Left None No Left Turn Lane Required NO 

Southbound Right None No Right Turn Lane Required NO 

Darvills Rd at Dearing Ave (intersection 13)  

Eastbound Right 
110-foot Right Turn Lane 
with 135 foot Taper 

No Right Turn Lane Required NO 

Westbound Left 
165-foot Left Turn Lane 
with 135-foot Taper 

No Left Turn Lane Required NO 
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 Fort Pickett Access Gate Analysis 4.3.2

Access to Fort Pickett would continue to be controlled by two gates in the No Action Alternative. The 

one percent per year compounded growth rate was applied to the existing counts for both lanes, using 

the lane distribution shown in the existing volumes. Under the No Action Alternative in 2018, both the 

Main Gate and the West Gate would accommodate morning and afternoon peak-hour volumes below 

the 375 vphpl threshold that would necessitate more than one guard per lane. 

Table 4-3. Summary of Gate Analysis – No Action Alternative (Year 2018) 

Main Gate (Military Road) West Gate (West Entrance Road) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 2 

vph vph vph vph vph vph vph vph 

192 123 15 14 64 79 14 14 

Guards Guards Guards Guards Guards Guards Guards Guards 

1 1 1 1 1 1 1 1 

Note: 
vph = vehicles per hour. 

 Intersection Control Warrants 4.3.3

Because none of the traffic movements at any of the intersections are characterized by LOS E or LOS F, 

no traffic signal warrant analysis was performed. As was shown in Table 4-1, all unsignalized 

intersections would operate at LOS C or better during both peak hours in 2018; therefore, traffic signal 

installation would not be needed to address any projected future intersection delay under the No Action 

Alternative. 
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 PROJECT TRAFFIC Chapter 5

The following paragraphs describe future traffic conditions that are expected to occur at the time the 

Proposed Action is built and operating. As discussed in Section 1.2, all training venues fundamental to 

the FASTC training program would be in place, and 90 percent of the training program would be 

operational by the year 2018. By 2020, 100 percent of training would be operational. This TIA evaluates 

the full buildout of the Proposed Action by the year 2018. This approach increases the Proposed Action’s 

year 2018 traffic generation by 10 percent to capture the 100 percent of project traffic. The Proposed 

Action’s traffic impacts were determined based on the incremental effect of each option relative to the 

No Action Alternative. 

This section describes the key assumptions and methods used to estimate the traffic generation, trip 

distribution, and traffic assignment of the two access options. The Proposed Action would affect traffic 

patterns in the following ways: 

1. Additional passenger car and bus trips would be added to intersections throughout the ROI as 

the result of commuting trips by instructors and staff and the transport of students to and from 

area hotels; 

2. Minivans would be driven from various locations to the Core Area in order to transport students 

to training venues; 

3. As discussed in Section 1.2, a one-way Entry Loop would be constructed to the west of Dearing 

Avenue to provide a connection to the Core Area; 

4. Additional minivan trips would be added to project access points along Dearing Avenue (only) as 

students are transported from the Core Area to training venues; and 

5. For Option B (only), establishing a new access gate on Dearing Avenue is expected to cause the 

redistribution of existing trips from the Main Gate to the proposed Dearing Avenue gate. 

The Entry Loop would form two intersections with Dearing Avenue, which are referred to in Chapter 6 as 

Entry Loop (North) and Entry Loop (South). These intersections are numbered 16 and 17 in the figures 

that follow. A third intersection, Foley Road/Dearing Avenue, would provide access to and from 

proposed training venues in the 21/20 Parcel (see text below). This location is labeled as intersection 18 

in the figures that follow. 

 TRAFFIC GENERATION 5.1

The Proposed Action’s traffic generation was estimated based on information provided by the GSA and 

DOS (GSA/DOS 2014a, 2014b) and using trip generation rates published by the Institute of 

Transportation Engineers (ITE) (ITE 2012). Table 5-1 presents the traffic generation data, assumptions 

and calculations. In order to provide a conservative estimate, the bus and minivan trips estimated in the 

Master Plan Update were increased by approximately 9 percent to reflect the possibility that not all 

buses and minivans would be fully occupied by students during each trip. As shown in Table 5-1, the 

Proposed Action would add 240 trips (182 inbound and 58 outbound) to ROI intersections during the 

morning peak hour, and 233 (65 inbound and 168 outbound) in the afternoon peak hour. Minivan trips 

between the Core Area and FASTC training venues are summarized in the row labelled “Internal Shuttle 

Trips” in Table 5-1. Minivan trips would include 24 outbound trips from the Core Area in the morning 
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peak hour, and 24 inbound trips to the Core Area in the afternoon peak hour. As discussed below in 

Section 5.2, only a portion of these trips would occur outside of the FASTC facility, and these trips would 

be limited to project access points on Dearing Avenue.  

 TRIP DISTRIBUTION 5.2

Project traffic was distributed throughout the ROI based on the distribution pattern provided in the 

2012 TIA and supplemental information provided by GSA/DOS (2014b). The regional distribution project 

traffic is as follows: 

 75 percent to/from the northeast via U.S. Route 460 (Richmond and Washington DC); 

 2 percent to/from the east via Darvills Road; 

 2 percent to/from the south via Brunswick Road (VA Route 46); 

 2 percent to/from the southwest via Kenbridge Road (VA Route 40); 

 14 percent to/from the west and northwest via US Route 460 (i.e., the towns of Farmville, 

Burkeville, and Crewe); and 

 5 percent to/from within the Town of Blackstone. 

Under Option A, all project trips would enter Fort Pickett via the Main Gate and the West Gate. Based 

on the origins and destinations of project traffic, it is assumed that approximately 90 percent of project 

trips would enter the installation at the Main Gate, while approximately 10 percent would enter via the 

West Gate. Under Option B, only a limited amount of project traffic would enter Fort Pickett using these 

two existing gates. It is assumed that approximately 80 percent of trips under Option B, including all bus 

and minivan trips, would enter Fort Pickett using the proposed Dearing Avenue gate. The remaining 20 

percent, consisting of passenger vehicles, would be evenly split between the Main Gate and the West 

Gate (i.e., approximately 10 percent entering at each of these two gates). 

Internal shuttle trips between the Core Area and training venues would be split between LRA Parcel 9 

and the 21/20 Parcel. Based on the number of venues within each parcel, it is assumed that 55 percent 

of internal shuttle trips would be between the Core Area and LRA Parcel 9. These trips would be entirely 

within the FASTC boundary. The remaining 45 percent of internal shuttle trips would travel between the 

Core Area and the 21/20 Parcel. Outbound trips destined for the 21/20 Parcel would exit the Entry Loop 

at Dearing Avenue, and proceed to the north on Dearing Avenue for a short distance before turning 

right onto Foley Road to enter the 21/20 Parcel. These external trips are accounted for in the Proposed 

Action’s traffic assignment. 
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Table 5-1. Traffic Generation Summary 

 Trip Category Amount Daily Trip Rate 
(a)

 
Daily 
Trips 

A.M. Peak Hour P.M. Peak Hour 

In Out Total In Out Total 

External Trips to and from FASTC 

Commuting Trips for Instructors 
and Staff 

339 employees 3.3 / employee 1,125 143 20 163 27 129 156 

Transport of Students from Area 
Hotels (buses) 

(b)
 

600 students 0.09 / student 60 15 15 30 15 15 30 

Movement of Minivans to and 
from FASTC 

(c)
 

24 minivans 4 / minivan 96 24 24 48 24 24 48 

Total: 1,281 182 58 240 65 168 233 

Internal Shuttle Trips 
(d)

 

Transport of Students from the 
Core Area (minivans) 

(e)
 

600 students 0.07 / student 48 0 24 24 24 0 24 

Notes: 
(a)

 Trip generation rates and directional splits for Instructors and Staff taken from Institute of Transportation Engineers' Trip Generation (ITE 2012) for Land Use Code 710. 
Trip rates for transporting students provided by GSA/DOS (2014a). External bus and minivan trips increased by 8.6 percent to reflect potential seat vacancies. 
(b)

 Transport of students between area hotels and FASTC Core Area to be provided by buses having a maximum capacity of 47 students per bus (GSA/DOS 2014a).  
(c)

 Minivans would be positioned at the Core Area to transport students after they arrive by bus, and to return the students to the Core Area after training each day. 
(d)

 Internal shuttle trips would travel between the Core Area and training venues on the in LRA Parcel 9. Trips to and from the 21/20 Parcel would traverse the Dearing 
Avenue intersections with the internal Entry Loop and Foley Road. Trips to and from LRA Parcel would occur entirely within the FASTC boundary. 
(e)

 Transport of students between the FASTC Core Area and training venues to be provided by minivans having a maximum capacity of 29 students per minivan (GSA/DOS 
2014a).  
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 OPTION A TRAFFIC VOLUMES 5.3

Figure 5-1 presents the trip distribution pattern for Option A. Figure 5-2 depicts the assignment of 

project-related trips under this scenario. The trips shown in Figure 5-2 include both external trips to and 

from FASTC (i.e., commuting trips by instructors and staff, transport of students to and from area hotels, 

and the movement of minivans to and from the Core Area) and internal shuttle trips between the Core 

Area and training venues. The addition of trips from Option A to No Action Alternative volumes is shown 

in Figure 5-3.  

 OPTION B TRAFFIC VOLUMES 5.4

Figure 5-4 illustrates Option B’s trip distribution pattern, while Figure 5-5 presents Option B’s traffic 

assignment. In addition to external trips to and from FASTC and internal shuttle trips, Figure 5-5 also 

includes the redistribution of existing trips that would be expected due to the establishment of a new 

access gate on Dearing Avenue. Figure 5-6 shows the combination of Option B trips and No Action 

Alternative trips. 
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Figure 5-1. Option A Trip Distribution 
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Figure 5-2. Option A Traffic Assignment 
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Figure 5-3. Option A (Year 2018) Peak Hour Traffic Volumes 
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Figure 5-4. Option B Trip Distribution 
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Figure 5-5. Option B Traffic Assignment 
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Figure 5-6. Option B (Year 2018) Peak Hour Traffic Volumes 
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 PROJECT IMPACTS Chapter 6

 BUILD ALTERNATIVE 3, ACCESS OPTION A 6.1

 Intersection LOS 6.1.1

As shown in Table 6-1, with the addition of project-related traffic (i.e., instructor and staff commuting 

trips, transport of students from area hotels, movement of minivans to and from the Core Area, and 

internal shuttle trips), all intersections would be characterized by LOS C or better conditions during both 

peak hours. Because the Proposed Action would not cause any traffic movement to deteriorate from 

LOS C or better to LOS D or worse, Option A would not result in any significant traffic impact. Refer to 

Attachment C for intersection worksheets. 

Table 6-1. Summary of Intersection LOS – Build Alternative 3, Option A (Year 2018) 

Intersection 
Traffic 

Control 
Traffic Movement

(a)
  

A.M. Peak Hour P.M. Peak Hour 

Delay
(b)

 LOS
(c)

 Delay
(b)

 LOS
(c)

 

1 

U.S. Route 460 (W 

Colonial Trail Hwy)/ 

Cox Rd/Yellowbird Rd 

TWSC 

NB Left/Through/Right 14.5 B 17.9 C 

EB Left 8.7 A 7.6 A 

WB Left 8.8 A 8.0 A 

SB Left/Through/Right 21.5 C 14.2 B 

2 
Cox Rd (U.S. Route 
460 Bus)/Military Rd 

OWSC 
NB Left/Right 9.6 A 11.5 B 

WB Left 8.2 A 8.1 A 

3 
Darvills Rd (VA Route 

40)/Military Rd 
TWSC 

NB Left 14.6 B 10.8 B 

NB Through 10.7 B 13.3 B 

NB Right 8.6 A 8.6 A 

EB Left 7.3 A 7.4 A 

WB Left 7.3 A 7.5 A 

SB Left/Right 14.6 B 11.6 B 

4 W 10th St/Military Rd TWSC 

WB Left/Through/Right 11.2 B 11.7 B 

EB Left/Through/Right 0.0 A 12.7 B 

SB Left 8.0 A 7.8 A 

5 
West Entrance 
Rd/Military Rd 

OWSC 
NB Left 7.6 A 7.6 A 

EB Left/Right 10.4 B 9.5 A 

6 
Military Rd/Garnett  
Ave 

TWSC 

NB Left/Through/Right 9.8 A 9.6 A 

EB Left 7.3 A 7.7 A 

WB Left 7.5 A 7.3 A 

SB Left/Through/Right 8.9 A 9.2 A 

7 
Military 
Rd/Armistead Ave 

TWSC 

NB Left/Through/Right 9.3 A 9.3 A 

EB Left 7.3 A 7.6 A 

SB Left/Through/Right 8.6 A 8.8 A 

8 
Military Rd/Dearing 
Ave 

TWSC 
NB Left 7.2 A 7.2 A 

EB Left/Through/Right 8.6 A 0.0 A 

9 
W 10th 
St/Warehouse St 

OWSC 
EB Left 8.0 A 7.7 A 

SB Left/Right 9.6 A 9.9 A 
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Intersection 
Traffic 

Control 
Traffic Movement

(a)
  

A.M. Peak Hour P.M. Peak Hour 

Delay
(b)

 LOS
(c)

 Delay
(b)

 LOS
(c)

 

10 
8th St/West Entrance 
Rd/S Main St 

Signal 

Overall (all movements) 15.3 B 18.7 B 

EB Left/Through/Right 21.8 C 30.4 C 

WB Left/Through/Right 20.1 C 29.5 C 

NB Left/Through/Right 18.6 B 19.8 B 

SB Left/Right 9.7 A 10.8 B 

11 

Church St (U.S. Route 
460 Bus)/S Main St 
(U.S. 460 Bus/VA 
Route 40) 

Signal 

Overall (all movements) 8.5 A 11.0 B 

EB Left/Right 12.1 B 12.8 B 

NB Left/Through 5.5 A 7.5 A 

SB Through/Right 10.4 B 14.7 B 

12 

Dinwiddie Ave (VA 
Route 40)/N Main St 
(U.S. Route 460/VA 
40) 

Signal 

Overall (all movements) 17.3 B 16.2 B 

EB Left/Through/Right 22.1 C 22.4 C 

WB Left/Through/Right 25.4 C 24.1 C 

NB Left/Through/Right 21.2 C 17.1 B 

SB Left/Through/Right 13.0 B 10.5 B 

13 
Darvills Rd (VA Route 
40)/Dearing Ave 

OWSC 
NB Left/Right 8.7 A 9.2 A 

WB Left 7.3 A 7.3 A 

14 
W 10th St/Dearing 
Ave 

OWSC 
(d) (d) (d) (d) (d) 

15 
Business Driveway/ 
Dearing Ave 

OWSC EB Left/Right 8.6 A 8.7 A 

16 
Entry Loop 
(North)/Dearing Ave 

None 
(d)

 
(d)

 
(d)

 
(d)

 
(d)

 

17 
Entry Loop 
(South)/Dearing Ave 

OWSC EB Left/Right 8.9  A 9.3  A 

18 Foley Rd/Dearing Ave TWSC 
EB Left/Through/Right 8.7  A 9.2  A 

WB Left/Through/Right 0.0  A 9.2  A 

Notes:  
Bus = Business Route; EB = eastbound; LOS = Level of Service; NB = northbound; OWSC = one-way stop control; SB = southbound; 
TWSC = two-way stop control; WB = Westbound. 
 
(a)

 LOS is provided only for movements that would experience delay during one or both peak hours. 
(b)

 Delay is measured in seconds per vehicle. 
(c)

 LOS calculations are based on HCM (TRB 2010) methods, and were performed using Synchro 8. 
(d) 

W 10th St/Dearing Ave (intersection 14) and Entry Loop (North)/Dearing Ave (intersection 16) were not analyzed because they have 

no conflicting movements. 

 Other Traffic Analyses 6.1.2

6.1.2.1 Turn Lane Analysis 

A turn lane analysis for projected conditions under Option A was performed using the methods 

described in Chapter 2. The results of the analysis are summarized in Table 6-2. The data tables and 

charts used to determine turn lane warrants are provided in Attachment D. Based on this analysis, the 

existing turning lane storage would be less than VDOT design standards and turning lane improvements 

may be warranted at the following intersection: 

 U.S. Route 460 westbound left at Cox Road (intersection 1).  

The turn lane treatment at U.S. Route 460/Cox Road would be triggered by the addition of project-

related traffic. However, the turn lane improvements at Cox Road/Military Road and Darvills 
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Road/Military Road listed in Table 6-2 would be necessary under the No Action Alternative, and are not 

triggered by the Proposed Action.  

 

Table 6-2. Summary of Turn Lane Analyses – Build Alternative 3, Option A (Year 2018) 

Intersection and 
Movement 

Existing Turn Lane 
Treatment 

Turn Lane Treatment Required per 
VDOT Policy 

Additional Treatment 
Required? 

U.S. Route 460 at Cox Rd (intersection 1)  

Eastbound Left 
125-foot Left Turn Lane 
with 75-foot Taper 

No Left Turn Lane Required NO 

Eastbound Right 
50-foot Right Turn Lane 
with 125-foot Taper 

No Right Turn Lane Required NO 

Westbound Left 
150-foot Left Turn Lane 
with 150-footTaper 

Minimum 250-foot Left Turn Lane 
with Minimum 200-foot Taper 

YES 

Westbound Right 
100-foot Right Turn Lane 
with 50-foot Taper 

No Right Turn Lane Required NO 

Cox Rd at Military Rd (intersection 2) 

Eastbound Right None No Right Turn Lane Required NO 

Westbound Left None 
Minimum 200-foot Left Turn Lane 
with Minimum 200-foot Taper 

YES 
(a)

 

Darvills Rd at Military Rd (intersection 3)  

Eastbound Left None No Left Turn Lane Required NO 

Eastbound Right 
50-foot Right Turn Lane 
with 50-foot Taper 

Minimum 200-foot Right Turn Lane 
with Minimum 200-foot Taper 

YES 
(a)

 

Westbound Left None No Left Turn Lane Required NO 

Westbound Right None No Right Turn Lane Required NO 

Northbound Left 
150-foot Left Turn Lane 
with 50-foot Taper 

No Left Turn Lane Required NO 

Northbound Right 
25-foot Right Turn Lane 
with 50-foot Taper 

No Right Turn Lane Required NO 

Southbound Left None No Left Turn Lane Required NO 

Southbound Right None No Right Turn Lane Required NO 

Note:  
(a)

 Additional turn lane treatment is warranted under the No Action Alternative, and is not caused by the addition of Option A traffic. 

6.1.2.2 Fort Pickett Access Gate Analysis 

Under Option A, access to Fort Pickett would continue to be controlled by two gates, the Main Gate and 

the West Gate. Each gate has two inbound lanes and one guard per lane. Table 6-3 summarizes traffic 

volumes and staffing requirements at both gates under Option A. As shown in this table, both the Main 

Gate and the West Gate would have peak hour volumes per lane below the 375 vphpl threshold that 

would necessitate more than one guard per lane under Option A. Therefore, no additional personnel 

would be required at either gate. 
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Table 6-3. Summary of Gate Analysis – Build Alternative 3, Option A (Year 2018) 

Main Gate (Military Road) West Gate (West Entrance Road) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 2 

vph vph vph vph vph vph vph vph 

290 188 44 42 74 92 18 17 

Guards Guards Guards Guards Guards Guards Guards Guards 

1 1 1 1 1 1 1 1 

Note: 
vph = vehicles per hour. 

6.1.2.3  Intersection Control Warrants 

Because none of the traffic movements at any of the intersections are characterized by LOS E or F under 

Option A, no traffic signal warrant analysis was performed. As shown above in Table 6-1, all intersection 

traffic movements operate at LOS C or better during both peak hours; therefore, traffic signal 

installation is not needed to address any projected future intersection delay caused by project-related 

traffic or background traffic growth. 

6.1.2.4 Site Access and Internal Circulation 

As discussed in Section 1.2, access to and from the site would be provided primarily via Dearing Avenue, 

and a one-way loop circulation road (i.e., Entry Loop) would be constructed to the west of Dearing 

Avenue to provide a connection to the Core Area. Traffic on the Entry Loop would flow from north to 

south. The Core Area would function as an intermodal transfer facility, and the Entry Loop would 

accommodate a mixture of vehicles, including personal vehicles, buses, and minivans. Also, there would 

be substantial pedestrian activity at the Core Area, as students would transfer from buses to minivans at 

this location. The following traffic circulation measures would avoid potential transportation-related 

effects: 

1. It is recommended that the Entry Loop be designed to accommodate and efficiently process 

vehicles approaching the Core Area. As feasible, passenger cars traveling to and from the 

surface parking lot should be separated from buses, minivans, and pedestrians. Where queues 

may form, sufficient storage should be provided to avoid blocking adjacent lanes and to prevent 

vehicles from stacking onto Dearing Avenue. To facilitate the transfer of students, it is 

recommended that minivans be scheduled to arrive and park before buses in the morning, while 

buses should be in place before the arrival of minivans in the afternoon. Signage, pavement 

markings, pedestrian islands and other design elements should be considered to accommodate 

safe and efficient pedestrian movement at the Core Area. 
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 BUILD ALTERNATIVE 3, ACCESS OPTION B 6.2

 Intersection LOS 6.2.1

Table 6-4 summarizes intersection LOS with the addition of project-related traffic associated with 

Option B. This includes externally-oriented trips (i.e., commuting trips by instructors and staff, transport 

of students from area hotels, and movement of minivans to and from the Core Area), internal shuttle 

trips, and the redistribution of existing trips from the Main Gate to the proposed Dearing Avenue gate. 

As shown in this table, most traffic movements would operate at LOS A or B, and several movements 

would operate at LOS C conditions during both peak hours. Because the Proposed Action would not 

cause LOS to drop from LOS C or better to LOS D or worse, Option B would have no significant traffic 

impact. Refer to Attachment C for intersection worksheets. 

Table 6-4. Summary of Intersection LOS – Build Alternative 3, Option B (Year 2018) 

Intersection 
Traffic 

Control 
Traffic Movement

(a)
  

A.M. Peak Hour P.M. Peak Hour 

Delay
(b)

 LOS
(c)

 Delay
(b)

 LOS
(c)

 

1 

U.S. Route 460 (W 

Colonial Trail Hwy)/ 

Cox Rd/Yellowbird Rd 

TWSC 

NB Left/Through/Right 14.5 B 17.9 C 
EB Left 8.7 A 7.6 A 
WB Left 8.8 A 8.0 A 
SB Left/Through/Right 21.5 C 14.2 B 

2 
Cox Rd (U.S. Route 
460 Bus)/Military Rd 

OWSC 
NB Left/Right 9.6 B 11.5 B 

WB Left 8.2 A 8.1 A 

3 
Darvills Rd (VA Route 

40)/Military Rd 
TWSC 

NB Left 11.8 B 10.8 B 

NB Through 10.5 B 12.9 B 

NB Right 0.0 A 8.6 A 

EB Left 7.4 A 7.7 A 

WB Left 7.3 A 7.5 A 

SB Left/Right 14.5 B 14.0 B 

4 W 10th St/Military Rd TWSC 

WB Left/Through/Right 10.7 B 10.2 B 

EB Left/Through/Right 0.0 A 10.1 B 

SB Left 7.7 A 7.7 A 

5 
West Entrance 
Rd/Military Rd 

OWSC 
NB Left 7.5 A 7.6 A 

EB Left/Right 10.3 B 9.4 A 

6 
Military Rd/Garnett  
Ave 

TWSC 

NB Left/Through/Right 9.8 A 9.7 A 

EB Left 7.3 A 7.4 A 

WB Left 7.5 A 7.3 A 

SB Left/Through/Right 8.8 A 9.2 A 

7 
Military 
Rd/Armistead Ave 

TWSC 

NB Left/Through/Right 9.4 A 9.4 A 

EB Left 7.2 A 7.4 A 

SB Left/Through/Right 8.4 A 8.7 A 

8 
Military Rd/Dearing 
Ave 

TWSC 
NB Left 7.2 A 7.2 A 

EB Left/Through/Right 8.6 A 8.8 A 

9 
W 10th 
St/Warehouse St 

OWSC 
EB Left 7.9 A 7.4 A 

SB Left/Right 8.8 A 9.0 A 
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Intersection 
Traffic 

Control 
Traffic Movement

(a)
  

A.M. Peak Hour P.M. Peak Hour 

Delay
(b)

 LOS
(c)

 Delay
(b)

 LOS
(c)

 

10 
8th St/West Entrance 
Rd/S Main St 

Signal 

Overall (all movements) 15.3 B 18.6 B 

EB Left/Through/Right 21.8 C 30.4 C 

WB Left/Through/Right 20.1 C 29.5 C 

NB Left/Through/Right 18.6 B 19.8 B 

SB Left/Right 9.7 A 10.7 B 

11 

Church St (U.S. Route 
460 Bus)/S Main St 
(U.S. Route 460 
Bus/VA Route 40) 

Signal 

Overall (all movements) 8.5 A 11.0 B 

EB Left/Right 12.1 B 12.8 B 

NB Left/Through 5.4 A 7.5 A 

SB Through/Right 10.4 B 14.7 B 

12 

Dinwiddie Ave (VA 
Route 40)/N Main St 
(U.S. Route 460/VA 
Route 40) 

Signal 

Overall (all movements) 17.4 B 16.2 B 

EB Left/Through/Right 22.2 C 22.4 C 

WB Left/Through/Right 25.4 C 24.3 C 

NB Left/Through/Right 21.3 C 17.2 B 

SB Left/Through/Right 13.0 B 10.5 B 

13 
Darvills Rd (VA Route 
40)/Dearing Ave 

OWSC 
NB Left/Right 9.2 A 10.1 B 

WB Left 7.3 A 7.3 A 

14 
W 10th St/Dearing 
Ave 

OWSC 
EB Left/Right 7.6 A 7.4 A 

NB Left 9.2 A 8.7 A 

15 
Business Driveway/ 
Dearing Ave 

OWSC EB Left/Right 9.8 A 9.8 A 

16 
Entry Loop 
(North)/Dearing Ave 

None 
(d) (d) (d) (d) (d) 

17 
Entry Loop 
(South)/Dearing Ave 

OWSC EB Left/Right 8.9 A 9.3 A 

18 Foley Rd/Dearing Ave TWSC 
EB Left/Through/Right 8.7 A 9.2 A 

WB Left/Through/Right 0.0 A 9.2 A 

Notes:  
Bus = Business Route; EB = eastbound; LOS = Level of Service; NB = northbound; OWSC = one-way stop control; SB = southbound; 
TWSC = two-way stop control; WB = Westbound. 
 
(a)

 LOS is provided only for movements that would experience delay during one or both peak hours. 
(b)

 Delay is measured in seconds per vehicle. 
(c)

 LOS calculations are based on HCM (TRB 2010) methods, and were performed using Synchro 8. 
(d) 

Entry Loop (North)/Dearing Ave (intersection 16) was not analyzed because it has no conflicting movements. 

 Other Traffic Analyses 6.2.2

6.2.2.1 Turn Lane Analysis 

A turn lane analysis for projected conditions under Option B was performed using the methods 

described in Chapter 2. The results of the analysis are summarized in Table 6-5. Refer to Attachment D 

for the data tables and charts used in this analysis. Based on this analysis, the existing turning lane 

storage would be less than VDOT design standards and turning lane improvements may be warranted at 

the following three intersections: 

 U.S. Route 460 westbound left at Cox Road  (intersection 1);  

 Darvills Road westbound right at Military Road (intersection 3); and 

 Darvills Road eastbound right at Dearing Avenue (intersection 13). 
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The turn lane treatment at U.S. Route 460/Cox Road (westbound left), the westbound right turn 

treatment at Darvills Road/Military Road, and the eastbound right turn treatment at Darvills 

Road/Dearing Avenue would be triggered by the addition of project-related traffic. However, the turn 

lane improvements listed in Table 6-5 at Cox Road/Military Road (westbound left) and the eastbound 

right at Darvills Road/Military Road would be necessary under the No Action Alternative, and are not 

triggered by the Proposed Action. 

Table 6-5. Summary of Turn Lane Analyses – Build Alternative 3, Option B (Year 2018) 

Intersection and 
Movement 

Existing Turn Lane 
Treatment 

Turn Lane Treatment Required per 
VDOT Policy 

Additional Treatment 
Required? 

U.S. Route 460 at Cox Rd (intersection 1) 

Eastbound Left 
125-foot Left Turn Lane 
with 75-foot Taper 

No Left Turn Lane Required NO 

Eastbound Right 
50-foot Right Turn Lane 
with 125-foot Taper 

No Right Turn Lane Required NO 

Westbound Left 
150-foot Left Turn Lane 
with 150-footTaper 

Minimum 250-foot Left Turn Lane 
with Minimum 200-foot Taper 

YES 

Westbound Right 
100-foot Right Turn Lane 
with 50-foot Taper 

No Right Turn Lane Required NO 

Cox Rd at Military Rd (intersection 2) 

Eastbound Right None No Right Turn Lane Required NO 

Westbound Left None 
Minimum 200-foot Left Turn Lane 
with Minimum 200-foot Taper 

YES 
(a)

 

Darvills Rd at Military Rd (intersection 3)  

Eastbound Left None No Left Turn Lane Required NO 

Eastbound Right 
50-foot Right Turn Lane 
with 50-foot Taper 

Minimum 200-foot Right Turn Lane 
with Minimum 200-foot Taper 

YES 
(a)

 

Westbound Left None No Left Turn Lane Required NO 

Westbound Right None 
Minimum 100-foot Right Turn Lane 
with Minimum 200-foot Taper 

YES 

Northbound Left 
150-foot Left Turn Lane 
with 50-foot Taper 

No Left Turn Lane Required NO 

Northbound Right 
25-foot Right Turn Lane 
with 50-foot Taper 

No Right Turn Lane Required NO 

Southbound Left None No Left Turn Lane Required NO 

Southbound Right None No Right Turn Lane Required NO 

Darvills Rd at Dearing Ave (intersection 13) 

Eastbound Right 
110-foot Right Turn Lane 
and 135-foot Taper 

Minimum 200-foot Right Turn Lane 
with Minimum 200-foot Taper 

YES 

Westbound Left 
165-foot Left Turn Lane 
with 135-foot Taper 

No Left Turn Lane Required NO 

Note:  
(a)

 Additional turn lane treatment is warranted under the No Action Alternative, and is not caused by the addition of Option B traffic. 
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6.2.2.2  Fort Pickett Access Gate Analysis 

Under Option B, a new access gate would be established on Dearing Avenue, to the north of W. 10th 

Street. As previously discussed, this analysis assumes some existing vehicles that currently enter Fort 

Pickett at the Main Gate would divert to the proposed Dearing Avenue gate. Table 6-6 summarizes 

traffic volumes and staffing requirements at all three gates under Option B. As shown in this table, 

Option B would not increase traffic levels so as to necessitate additional guards to process inbound trips 

at either the Main Gate or the West Gate. As shown below, the projected future inbound volume at the 

proposed access gate on Dearing Avenue would be 148 vehicles during the morning peak hour. This is 

substantially below the minimum threshold of 375 vehicles per hour per lane established by Virginia 

Army National Guard for two guards per land. Therefore, based on Virginia Army National Guard criteria, 

a single guard would suffice at this location. However, the actual number of guards at this gate would be 

determined by DOS based upon current doctrine and practice for access control. 

Table 6-6. Summary of Gate Analysis – Build Alternative 3, Option B (Year 2018) 

Main Gate (Military Road) West Gate (West Entrance Road) 
Proposed Dearing Gate (Dearing 

Ave) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

A.M. Peak-hour  
(6:30-7:30 a.m.) 

P.M. Peak-hour  
(4:00-5:00 p.m.) 

Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 2 Lane 1 Lane 1 

vph vph vph vph vph vph vph vph vph vph 

200 131 18 17 73 91 18 17 148 53 

Guards Guards Guards Guards Guards Guards Guards Guards Guards Guards 

1 1 1 1 1 1 1 1 1 1 

Note: 
vph = vehicles per hour. 

 

6.2.2.3  Intersection Control Warrants 

Because none of the traffic movements at any of the intersections are characterized by LOS E or LOS F 

under Option B, no traffic signal warrant analysis was performed. As shown in Table 6-4, all intersection 

traffic movements operate at LOS C or better during both peak hours; therefore, traffic signal 

installation is not needed to address any projected future intersection delay caused by project-related 

traffic or background traffic growth. 

6.2.2.4 Site Access and Internal Circulation 

Option B would have the same access configuration as Option A. Therefore, the following traffic 

circulation measure is also recommended for Option B: 

It is recommended that the Entry Loop be designed to accommodate and efficiently process vehicles 

approaching the Core Area. As feasible, passenger cars traveling to and from the surface parking lot 
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should be separated from buses, minivans, and pedestrians. Where queues may form, sufficient storage 

should be provided to avoid blocking adjacent lanes and to prevent vehicles from stacking onto Dearing 

Avenue. To facilitate the transfer of students, it is recommended that minivans be scheduled to arrive 

and park before buses in the morning, while buses should be in place before the arrival of minivans in 

the afternoon. Signage, pavement markings, pedestrian islands and other design elements should be 

considered to accommodate safe and efficient pedestrian movement at the Core Area. 

 CONSTRUCTION IMPACTS 6.3

Implementation of any action alternative would involve temporary traffic impacts resulting from 

demolition and construction activities. The following types of additional trips are expected be added to 

the highway network: 

 Construction worker commuting trips;  

 Trips involving the delivery and removal of construction equipment and materials; and 

 Trips involving the removal of demolition debris and excess fill material. 

These trips would be temporary, and would not occur after the completion of project construction. 

Whereas construction worker commuter trips are expected to be concentrated during the traditional 

peak commuting periods, other trips would likely be dispersed throughout the typical working day. 

Regardless of the access option selected, construction traffic would approach the project site via 

Dearing Avenue, and would not enter Fort Pickett at either the Main Gate or the West Gate. The existing 

barrier across Dearing Avenue to the north of W. 10th Street would be temporarily opened to 

construction traffic until construction activities are completed. GSA and DOS would cooperate with Fort 

Pickett to ensure that appropriate security protocols are observed for construction traffic entering the 

installation. Given the temporary nature of construction traffic, and considering that all traffic 

movements are characterized by LOS C or better conditions under the No Action Alternative, the 

addition of construction related trips is not expected to result in a significant traffic-related impact.  

 CUMULATIVE IMPACTS 6.4

Although the Proposed Action would not have a significant direct traffic impact, its impacts, when 

considered together with other past, present and reasonably foreseeable future projects, are evaluated 

for potential cumulative effect. The traffic impacts of past projects (e.g., additional traffic from new 

development, changes in capacity, and circulation patterns due to transportation improvements) are 

reflected in the existing traffic conditions described in Chapter 3. Although no present or reasonably 

foreseeable future projects have been specifically identified and analyzed in this TIA, projected future 

traffic growth (i.e., one percent compounded annually) included in the No Action Alternative accounts 

for future projects that may add trips to the ROI. Reasonably foreseeable future projects that have not 

undergone environmental reviews under the National Environmental Policy Act and other state and 

local regulations would ensure that traffic impacts are avoided, minimized, and/or mitigated for to the 

extent practicable. The Proposed Action’s contribution to cumulative traffic impacts would be relatively 

minor, consisting of additional passenger car, bus and minivan trips. The volume of traffic to be added, 

particularly during the peak hours, would be comparatively small. Accordingly, the Proposed Action 

would not result in any significant cumulative impacts relative to traffic and circulation. 
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 FINDINGS AND RECOMMENDATIONS Chapter 7

Two proposed FASTC access options are analyzed. Under Option A, access for project-related traffic to 

Fort Pickett would be provided at the existing Main Gate (i.e., on Military Road south of Darvills Road) 

and the existing West Gate (i.e., on West Entrance Road west of Military Road). The existing closed gate 

across Dearing Avenue north of W. 10th Street would remain closed under this option. Under Option B, 

the main access to FASTC would be at an additional access point that would be established on Dearing 

Avenue, north of W. 10th Street (i.e., the existing closed gate would be replaced by an operating 

controlled access). Access for Fort Pickett traffic would continue to be provided at the Main Gate and at 

the West Gate, and this analysis assumes that a limited amount of FASTC traffic would use the existing 

gates. The majority of all FASTC trips (i.e., approximately 80 percent), including all bus and minivan trips, 

would be directed to the proposed Dearing Avenue gate under Option B. 

Access to and from the FASTC facility would be concentrated along Dearing Avenue between Military 

Road and W. 10th Street. A one-way loop circulation road (or “Entry Loop”) would be constructed to the 

west of Dearing Avenue, and would form two intersections with this roadway. The one-way traffic flow 

would be from north to south. The Entry Loop would provide access to and from the FASTC Core Area. 

The Core Area would accommodate the majority of trips accessing the facility. These trips include 

passenger cars driven by instructors and staff, buses transporting students from area hotels, and 

minivans transporting students from the Core Area to training venues within FASTC. 

The following analyses were performed under year 2018 conditions for both options.  

 Peak hour (i.e., 6:30 to 7:30 a.m. and 4:00 to 5:00 p.m.) capacity analysis at 15 intersections; 

 Turn lane storage and taper requirements at four intersections on designated VDOT-maintained 

facilities; and  

 Peak hour traffic volumes and staffing requirements at Fort Pickett access gates. 

This TIA also addresses traffic signal warrants and provides a qualitative assessment of site access and 

internal circulation. The key findings and conclusions of these analyses are described below. 

 Capacity Analysis: All traffic movements at all intersections would be characterized by LOS C or 

better conditions during both peak hours for both options. Because the Proposed Action would 

not cause any movement to exceed the minimum performance standard of LOS D, its traffic 

impacts would be less than significant and no avoidance, minimization, or mitigation measures 

are recommended. 

 Turning Lane Analysis: Although there are no direct traffic impacts, a turning lane analysis was 

performed with projected year 2018 traffic volumes using VDOT design criteria for Access 

Management (VDOT 2005). These criteria address turning lane needs and design features to 

ensure safe and efficient traffic movements.  

o Under the No Action Alternative without the proposed project, the turning lane analysis 

determined that 2018 traffic volumes will result in the existing turning lane storage 

being less than VDOT design standards at two intersections, and that the following 

turning lane improvements may be warranted: 
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1. New exclusive westbound left turn lane, including storage and taper, at the Cox 

Road/Military Road intersection. 

2. Extend the existing eastbound right turn lane storage and taper at the Darvills 

Road/Military Road intersection. 

o Under Build Alternative 3 for Option A and B, although there are no significant direct 

traffic impacts from the proposed project, the turning lane analysis determined that 

additional project-related traffic would result in the existing turning lane storage being 

less than VDOT design standards at three intersections. One movement of the U.S. 

Route 460/Cox Road intersection would be less than standard under Option A or B. 

Under Option B only, one movement at the Darvills Road/Military Road intersection and 

one movement at the Darvills Road/Dearing Avenue intersection would be less than 

standard. To address VDOT policy for turning lane storage criteria, the following turning 

lane improvements may be warranted at these three additional intersections: 

1. Extend the existing westbound left turn lane storage and taper at the U.S. Route 

460/Cox Road intersection (Option A and B). 

2. New exclusive westbound right turn lane, including storage and taper, at the Darvills 

Road/Military Road intersection (Option B only). 

3. Extend the existing eastbound right turn lane storage and taper at the Darvills 

Road/Dearing Avenue intersection (Option B only). 

 Fort Pickett Gate Analysis: Neither option would increase traffic levels at either the Main Gate or 

the West Gate so as to necessitate additional guards to process inbound trips. Under Option B, 

the projected future inbound volume at the proposed access gate on Dearing Avenue would be 

148 vehicles during the morning peak hour. This is substantially below the minimum threshold 

of 375 vehicles per hour established by Virginia Army National Guard for two guards per lane. 

Therefore, based on Virginia Army National Guard criteria, as single guard would suffice at this 

location. However, the actual number of guards at this gate would be determined by DOS based 

upon a review of their doctrine and practice for access control.  

 Internal Circulation: The Core Area would accommodate a mixture of vehicles, including 

personal vehicles, buses, and minivans. Also, there would be substantial pedestrian activity at 

the Core Area, as students would transfer from buses to minivans at this location. The following 

traffic circulation measure would avoid potential transportation-related effects: 

1. It is recommended that the Entry Loop be designed to accommodate and efficiently 

process vehicles approaching the Core Area. As feasible, passenger cars traveling to and 

from the surface parking lot should be separated from buses, minivans, and 

pedestrians. Where queues may form, sufficient storage should be provided to avoid 

blocking adjacent lanes and to prevent vehicles from stacking onto Dearing Avenue. To 

facilitate the transfer of students, minivans should be scheduled to arrive and park 

before buses in the morning, while buses should be in place before the arrival of 

minivans in the afternoon. Signage, pavement markings, pedestrian islands and other 

design elements should be considered to accommodate safe and efficient pedestrian 

movement at the Core Area. 
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File Name : TM 1-Dearing Ave. and Darvills Rd. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Car
Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left Peds App. Total Right Left Peds App. Total Right Thru Peds App. Total Int. Total
06:30 AM 7 1 0 8 0 0 0 0 1 6 0 7 15
06:45 AM 4 2 0 6 0 0 0 0 1 1 0 2 8

Total 11 3 0 14 0 0 0 0 2 7 0 9 23

07:00 AM 10 0 0 10 1 0 0 1 2 3 0 5 16
07:15 AM 9 0 0 9 0 0 0 0 0 4 0 4 13
07:30 AM 13 0 0 13 0 0 0 0 1 4 0 5 18
07:45 AM 11 0 0 11 0 1 0 1 2 5 0 7 19

Total 43 0 0 43 1 1 0 2 5 16 0 21 66

08:00 AM 6 0 0 6 0 0 0 0 2 3 0 5 11
08:15 AM 5 0 0 5 0 1 0 1 6 5 0 11 17

Grand Total 65 3 0 68 1 2 0 3 15 31 0 46 117
Apprch % 95.6 4.4 0  33.3 66.7 0  32.6 67.4 0   

Total % 55.6 2.6 0 58.1 0.9 1.7 0 2.6 12.8 26.5 0 39.3

Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left App. Total Right Left App. Total Right Thru App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:15 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:00 AM

07:00 AM 10 0 10 1 0 1 2 3 5 16
07:15 AM 9 0 9 0 0 0 0 4 4 13
07:30 AM 13 0 13 0 0 0 1 4 5 18
07:45 AM 11 0 11 0 1 1 2 5 7 19

Total Volume 43 0 43 1 1 2 5 16 21 66
% App. Total 100 0  50 50  23.8 76.2   

PHF .827 .000 .827 .250 .250 .500 .625 .800 .750 .868

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 1-Dearing Ave. and Darvills Rd. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Truck
Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left Peds App. Total Right Left Peds App. Total Right Thru Peds App. Total Int. Total
06:30 AM 1 1 0 2 1 0 0 1 1 0 0 1 4
06:45 AM 0 1 0 1 1 1 0 2 0 2 0 2 5

Total 1 2 0 3 2 1 0 3 1 2 0 3 9

07:00 AM 0 0 0 0 1 1 0 2 2 0 0 2 4
07:15 AM 0 1 0 1 1 2 0 3 2 1 0 3 7
07:30 AM 2 1 0 3 2 0 0 2 1 0 0 1 6
07:45 AM 1 0 0 1 2 1 0 3 1 1 0 2 6

Total 3 2 0 5 6 4 0 10 6 2 0 8 23

08:00 AM 0 2 0 2 1 0 0 1 1 3 0 4 7
08:15 AM 0 1 0 1 2 0 0 2 0 0 0 0 3

Grand Total 4 7 0 11 11 5 0 16 8 7 0 15 42
Apprch % 36.4 63.6 0  68.8 31.2 0  53.3 46.7 0   

Total % 9.5 16.7 0 26.2 26.2 11.9 0 38.1 19 16.7 0 35.7

Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left App. Total Right Left App. Total Right Thru App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:15 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:15 AM

07:15 AM 0 1 1 1 2 3 2 1 3 7
07:30 AM 2 1 3 2 0 2 1 0 1 6
07:45 AM 1 0 1 2 1 3 1 1 2 6
08:00 AM 0 2 2 1 0 1 1 3 4 7

Total Volume 3 4 7 6 3 9 5 5 10 26
% App. Total 42.9 57.1  66.7 33.3  50 50   

PHF .375 .500 .583 .750 .375 .750 .625 .417 .625 .929

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 1-Dearing Ave. and Darvills Rd. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Combined
Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left Peds App. Total Right Left Peds App. Total Right Thru Peds App. Total Int. Total
06:30 AM 8 2 0 10 1 0 0 1 2 6 0 8 19
06:45 AM 4 3 0 7 1 1 0 2 1 3 0 4 13

Total 12 5 0 17 2 1 0 3 3 9 0 12 32

07:00 AM 10 0 0 10 2 1 0 3 4 3 0 7 20
07:15 AM 9 1 0 10 1 2 0 3 2 5 0 7 20
07:30 AM 15 1 0 16 2 0 0 2 2 4 0 6 24
07:45 AM 12 0 0 12 2 2 0 4 3 6 0 9 25

Total 46 2 0 48 7 5 0 12 11 18 0 29 89

08:00 AM 6 2 0 8 1 0 0 1 3 6 0 9 18
08:15 AM 5 1 0 6 2 1 0 3 6 5 0 11 20

Grand Total 69 10 0 79 12 7 0 19 23 38 0 61 159
Apprch % 87.3 12.7 0  63.2 36.8 0  37.7 62.3 0   

Total % 43.4 6.3 0 49.7 7.5 4.4 0 11.9 14.5 23.9 0 38.4

Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left App. Total Right Left App. Total Right Thru App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:15 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:00 AM

07:00 AM 10 0 10 2 1 3 4 3 7 20
07:15 AM 9 1 10 1 2 3 2 5 7 20
07:30 AM 15 1 16 2 0 2 2 4 6 24
07:45 AM 12 0 12 2 2 4 3 6 9 25

Total Volume 46 2 48 7 5 12 11 18 29 89
% App. Total 95.8 4.2  58.3 41.7  37.9 62.1   

PHF .767 .500 .750 .875 .625 .750 .688 .750 .806 .890

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 1-Dearing Ave. and Darvills Rd. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Car
Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left Peds App. Total Right Left Peds App. Total Right Thru Peds App. Total Int. Total
03:30 PM 8 0 0 8 1 1 0 2 2 14 0 16 26
03:45 PM 11 1 0 12 0 1 0 1 0 9 0 9 22

Total 19 1 0 20 1 2 0 3 2 23 0 25 48

04:00 PM 12 0 0 12 0 5 0 5 2 15 0 17 34
04:15 PM 6 0 0 6 0 1 0 1 2 9 0 11 18
04:30 PM 6 0 0 6 1 4 0 5 0 17 0 17 28
04:45 PM 1 1 0 2 1 3 0 4 2 11 0 13 19

Total 25 1 0 26 2 13 0 15 6 52 0 58 99

05:00 PM 5 1 0 6 1 1 0 2 0 9 0 9 17
05:15 PM 4 0 0 4 2 2 0 4 0 18 0 18 26

Grand Total 53 3 0 56 6 18 0 24 8 102 0 110 190
Apprch % 94.6 5.4 0  25 75 0  7.3 92.7 0   

Total % 27.9 1.6 0 29.5 3.2 9.5 0 12.6 4.2 53.7 0 57.9

Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left App. Total Right Left App. Total Right Thru App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:15 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 03:45 PM

03:45 PM 11 1 12 0 1 1 0 9 9 22
04:00 PM 12 0 12 0 5 5 2 15 17 34
04:15 PM 6 0 6 0 1 1 2 9 11 18
04:30 PM 6 0 6 1 4 5 0 17 17 28

Total Volume 35 1 36 1 11 12 4 50 54 102
% App. Total 97.2 2.8  8.3 91.7  7.4 92.6   

PHF .729 .250 .750 .250 .550 .600 .500 .735 .794 .750

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 1-Dearing Ave. and Darvills Rd. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Truck
Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left Peds App. Total Right Left Peds App. Total Right Thru Peds App. Total Int. Total
03:30 PM 0 1 0 1 0 1 0 1 2 0 0 2 4
03:45 PM 3 0 0 3 0 3 0 3 1 0 0 1 7

Total 3 1 0 4 0 4 0 4 3 0 0 3 11

04:00 PM 2 2 0 4 1 1 0 2 0 0 0 0 6
04:15 PM 2 2 0 4 0 2 0 2 2 0 0 2 8
04:30 PM 0 0 0 0 2 2 0 4 1 2 0 3 7
04:45 PM 2 0 0 2 0 2 0 2 1 1 0 2 6

Total 6 4 0 10 3 7 0 10 4 3 0 7 27

05:00 PM 0 2 0 2 0 0 0 0 0 1 0 1 3
05:15 PM 0 0 0 0 0 3 0 3 1 1 0 2 5

Grand Total 9 7 0 16 3 14 0 17 8 5 0 13 46
Apprch % 56.2 43.8 0  17.6 82.4 0  61.5 38.5 0   

Total % 19.6 15.2 0 34.8 6.5 30.4 0 37 17.4 10.9 0 28.3

Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left App. Total Right Left App. Total Right Thru App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:15 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 03:45 PM

03:45 PM 3 0 3 0 3 3 1 0 1 7
04:00 PM 2 2 4 1 1 2 0 0 0 6
04:15 PM 2 2 4 0 2 2 2 0 2 8
04:30 PM 0 0 0 2 2 4 1 2 3 7

Total Volume 7 4 11 3 8 11 4 2 6 28
% App. Total 63.6 36.4  27.3 72.7  66.7 33.3   

PHF .583 .500 .688 .375 .667 .688 .500 .250 .500 .875

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 1-Dearing Ave. and Darvills Rd. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Combined
Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left Peds App. Total Right Left Peds App. Total Right Thru Peds App. Total Int. Total
03:30 PM 8 1 0 9 1 2 0 3 4 14 0 18 30
03:45 PM 14 1 0 15 0 4 0 4 1 9 0 10 29

Total 22 2 0 24 1 6 0 7 5 23 0 28 59

04:00 PM 14 2 0 16 1 6 0 7 2 15 0 17 40
04:15 PM 8 2 0 10 0 3 0 3 4 9 0 13 26
04:30 PM 6 0 0 6 3 6 0 9 1 19 0 20 35
04:45 PM 3 1 0 4 1 5 0 6 3 12 0 15 25

Total 31 5 0 36 5 20 0 25 10 55 0 65 126

05:00 PM 5 3 0 8 1 1 0 2 0 10 0 10 20
05:15 PM 4 0 0 4 2 5 0 7 1 19 0 20 31

Grand Total 62 10 0 72 9 32 0 41 16 107 0 123 236
Apprch % 86.1 13.9 0  22 78 0  13 87 0   

Total % 26.3 4.2 0 30.5 3.8 13.6 0 17.4 6.8 45.3 0 52.1

Darvills Rd
Westbound

Dearing Ave
Northbound

Darvills Rd
Eastbound

Start Time Thru Left App. Total Right Left App. Total Right Thru App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:15 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 03:45 PM

03:45 PM 14 1 15 0 4 4 1 9 10 29
04:00 PM 14 2 16 1 6 7 2 15 17 40
04:15 PM 8 2 10 0 3 3 4 9 13 26
04:30 PM 6 0 6 3 6 9 1 19 20 35

Total Volume 42 5 47 4 19 23 8 52 60 130
% App. Total 89.4 10.6  17.4 82.6  13.3 86.7   

PHF .750 .625 .734 .333 .792 .639 .500 .684 .750 .813

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 2-Dearing Ave. and Airfield Access Rd. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1
Groups Printed- Car

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
06:30 AM 1 0 0 1 0 0 0 0 0 0 0 0 1
06:45 AM 1 3 0 4 0 0 0 0 0 0 0 0 4

Total 2 3 0 5 0 0 0 0 0 0 0 0 5

07:00 AM 1 1 0 2 0 0 0 0 0 0 0 0 2
07:15 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
07:30 AM 1 0 0 1 0 0 0 0 0 0 0 0 1
07:45 AM 0 1 0 1 1 0 0 1 0 0 0 0 2

Total 2 2 0 4 1 0 0 1 0 0 0 0 5

08:00 AM 1 1 0 2 0 0 0 0 0 0 0 0 2
08:15 AM 3 2 0 5 1 0 0 1 0 0 0 0 6

Grand Total 8 8 0 16 2 0 0 2 0 0 0 0 18
Apprch % 50 50 0  100 0 0  0 0 0   

Total % 44.4 44.4 0 88.9 11.1 0 0 11.1 0 0 0 0

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:15 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:30 AM

07:30 AM 1 0 1 0 0 0 0 0 0 1
07:45 AM 0 1 1 1 0 1 0 0 0 2
08:00 AM 1 1 2 0 0 0 0 0 0 2
08:15 AM 3 2 5 1 0 1 0 0 0 6

Total Volume 5 4 9 2 0 2 0 0 0 11
% App. Total 55.6 44.4  100 0  0 0   

PHF .417 .500 .450 .500 .000 .500 .000 .000 .000 .458

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 2-Dearing Ave. and Airfield Access Rd. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1
Groups Printed- Truck

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
06:30 AM 2 0 0 2 0 0 0 0 0 1 0 1 3
06:45 AM 1 0 0 1 0 0 0 0 0 2 0 2 3

Total 3 0 0 3 0 0 0 0 0 3 0 3 6

07:00 AM 1 0 0 1 0 0 0 0 0 3 0 3 4
07:15 AM 3 0 0 3 0 0 0 0 0 2 0 2 5
07:30 AM 3 0 0 3 0 0 0 0 0 2 0 2 5
07:45 AM 1 0 0 1 0 0 0 0 0 3 0 3 4

Total 8 0 0 8 0 0 0 0 0 10 0 10 18

08:00 AM 3 0 0 3 0 0 0 0 0 1 0 1 4
08:15 AM 1 0 0 1 0 0 0 0 0 2 0 2 3

Grand Total 15 0 0 15 0 0 0 0 0 16 0 16 31
Apprch % 100 0 0  0 0 0  0 100 0   

Total % 48.4 0 0 48.4 0 0 0 0 0 51.6 0 51.6

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:15 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:00 AM

07:00 AM 1 0 1 0 0 0 0 3 3 4
07:15 AM 3 0 3 0 0 0 0 2 2 5
07:30 AM 3 0 3 0 0 0 0 2 2 5
07:45 AM 1 0 1 0 0 0 0 3 3 4

Total Volume 8 0 8 0 0 0 0 10 10 18
% App. Total 100 0  0 0  0 100   

PHF .667 .000 .667 .000 .000 .000 .000 .833 .833 .900

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 2-Dearing Ave. and Airfield Access Rd. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Combined
Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
06:30 AM 3 0 0 3 0 0 0 0 0 1 0 1 4
06:45 AM 2 3 0 5 0 0 0 0 0 2 0 2 7

Total 5 3 0 8 0 0 0 0 0 3 0 3 11

07:00 AM 2 1 0 3 0 0 0 0 0 3 0 3 6
07:15 AM 3 0 0 3 0 0 0 0 0 2 0 2 5
07:30 AM 4 0 0 4 0 0 0 0 0 2 0 2 6
07:45 AM 1 1 0 2 1 0 0 1 0 3 0 3 6

Total 10 2 0 12 1 0 0 1 0 10 0 10 23

08:00 AM 4 1 0 5 0 0 0 0 0 1 0 1 6
08:15 AM 4 2 0 6 1 0 0 1 0 2 0 2 9

Grand Total 23 8 0 31 2 0 0 2 0 16 0 16 49
Apprch % 74.2 25.8 0  100 0 0  0 100 0   

Total % 46.9 16.3 0 63.3 4.1 0 0 4.1 0 32.7 0 32.7

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:15 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:30 AM

07:30 AM 4 0 4 0 0 0 0 2 2 6
07:45 AM 1 1 2 1 0 1 0 3 3 6
08:00 AM 4 1 5 0 0 0 0 1 1 6
08:15 AM 4 2 6 1 0 1 0 2 2 9

Total Volume 13 4 17 2 0 2 0 8 8 27
% App. Total 76.5 23.5  100 0  0 100   

PHF .813 .500 .708 .500 .000 .500 .000 .667 .667 .750

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 2-Dearing Ave. and Airfield Access Rd. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1
Groups Printed- Car

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
03:30 PM 2 0 0 2 0 0 0 0 0 2 0 2 4
03:45 PM 1 0 0 1 0 0 0 0 0 0 0 0 1

Total 3 0 0 3 0 0 0 0 0 2 0 2 5

04:00 PM 1 0 0 1 3 0 0 3 0 1 0 1 5
04:15 PM 2 0 0 2 0 0 0 0 0 1 0 1 3
04:30 PM 0 0 0 0 0 0 0 0 0 5 0 5 5
04:45 PM 1 2 0 3 0 0 0 0 0 4 0 4 7

Total 4 2 0 6 3 0 0 3 0 11 0 11 20

05:00 PM 1 0 0 1 0 0 0 0 0 2 0 2 3
05:15 PM 0 0 0 0 0 0 0 0 0 4 0 4 4

Grand Total 8 2 0 10 3 0 0 3 0 19 0 19 32
Apprch % 80 20 0  100 0 0  0 100 0   

Total % 25 6.2 0 31.2 9.4 0 0 9.4 0 59.4 0 59.4

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:15 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 04:00 PM

04:00 PM 1 0 1 3 0 3 0 1 1 5
04:15 PM 2 0 2 0 0 0 0 1 1 3
04:30 PM 0 0 0 0 0 0 0 5 5 5
04:45 PM 1 2 3 0 0 0 0 4 4 7

Total Volume 4 2 6 3 0 3 0 11 11 20
% App. Total 66.7 33.3  100 0  0 100   

PHF .500 .250 .500 .250 .000 .250 .000 .550 .550 .714

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 2-Dearing Ave. and Airfield Access Rd. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1
Groups Printed- Truck

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
03:30 PM 3 0 0 3 0 0 0 0 0 1 0 1 4
03:45 PM 1 0 0 1 0 0 0 0 0 3 0 3 4

Total 4 0 0 4 0 0 0 0 0 4 0 4 8

04:00 PM 2 0 0 2 0 0 0 0 0 2 0 2 4
04:15 PM 4 0 0 4 0 0 0 0 0 2 0 2 6
04:30 PM 0 1 0 1 0 0 0 0 0 4 0 4 5
04:45 PM 1 0 0 1 1 0 0 1 0 1 0 1 3

Total 7 1 0 8 1 0 0 1 0 9 0 9 18

05:00 PM 2 0 0 2 0 0 0 0 0 0 0 0 2
05:15 PM 1 0 0 1 0 0 0 0 0 3 0 3 4

Grand Total 14 1 0 15 1 0 0 1 0 16 0 16 32
Apprch % 93.3 6.7 0  100 0 0  0 100 0   

Total % 43.8 3.1 0 46.9 3.1 0 0 3.1 0 50 0 50

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:15 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 03:45 PM

03:45 PM 1 0 1 0 0 0 0 3 3 4
04:00 PM 2 0 2 0 0 0 0 2 2 4
04:15 PM 4 0 4 0 0 0 0 2 2 6
04:30 PM 0 1 1 0 0 0 0 4 4 5

Total Volume 7 1 8 0 0 0 0 11 11 19
% App. Total 87.5 12.5  0 0  0 100   

PHF .438 .250 .500 .000 .000 .000 .000 .688 .688 .792

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 2-Dearing Ave. and Airfield Access Rd. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Combined
Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
03:30 PM 5 0 0 5 0 0 0 0 0 3 0 3 8
03:45 PM 2 0 0 2 0 0 0 0 0 3 0 3 5

Total 7 0 0 7 0 0 0 0 0 6 0 6 13

04:00 PM 3 0 0 3 3 0 0 3 0 3 0 3 9
04:15 PM 6 0 0 6 0 0 0 0 0 3 0 3 9
04:30 PM 0 1 0 1 0 0 0 0 0 9 0 9 10
04:45 PM 2 2 0 4 1 0 0 1 0 5 0 5 10

Total 11 3 0 14 4 0 0 4 0 20 0 20 38

05:00 PM 3 0 0 3 0 0 0 0 0 2 0 2 5
05:15 PM 1 0 0 1 0 0 0 0 0 7 0 7 8

Grand Total 22 3 0 25 4 0 0 4 0 35 0 35 64
Apprch % 88 12 0  100 0 0  0 100 0   

Total % 34.4 4.7 0 39.1 6.2 0 0 6.2 0 54.7 0 54.7

Dearing Ave
Southbound

Dearing Ave
Northbound

Arbor Tech Drvwy
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:15 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 04:00 PM

04:00 PM 3 0 3 3 0 3 0 3 3 9
04:15 PM 6 0 6 0 0 0 0 3 3 9
04:30 PM 0 1 1 0 0 0 0 9 9 10
04:45 PM 2 2 4 1 0 1 0 5 5 10

Total Volume 11 3 14 4 0 4 0 20 20 38
% App. Total 78.6 21.4  100 0  0 100   

PHF .458 .375 .583 .333 .000 .333 .000 .556 .556 .950

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 3-Dearing Ave. and E. 10th St. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Car
Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
06:30 AM 0 0 0 0 0 0 0 0 1 0 0 1 1
06:45 AM 0 1 0 1 0 0 0 0 0 0 0 0 1

Total 0 1 0 1 0 0 0 0 1 0 0 1 2

07:00 AM 0 0 0 0 0 1 0 1 0 0 0 0 1
07:15 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
07:30 AM 0 0 0 0 0 0 0 0 1 0 0 1 1
07:45 AM 0 0 1 1 0 0 0 0 1 0 0 1 2

Total 0 0 1 1 0 1 0 1 2 0 0 2 4

08:00 AM 0 0 0 0 0 0 0 0 1 0 0 1 1
08:15 AM 0 0 0 0 0 1 0 1 1 0 0 1 2
08:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0

Grand Total 0 1 1 2 0 2 0 2 5 0 0 5 9
Apprch % 0 50 50  0 100 0  100 0 0   

Total % 0 11.1 11.1 22.2 0 22.2 0 22.2 55.6 0 0 55.6

Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:30 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:30 AM

07:30 AM 0 0 0 0 0 0 1 0 1 1
07:45 AM 0 0 0 0 0 0 1 0 1 1
08:00 AM 0 0 0 0 0 0 1 0 1 1
08:15 AM 0 0 0 0 1 1 1 0 1 2

Total Volume 0 0 0 0 1 1 4 0 4 5
% App. Total 0 0  0 100  100 0   

PHF .000 .000 .000 .000 .250 .250 1.00 .000 1.00 .625

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 3-Dearing Ave. and E. 10th St. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Truck
Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
06:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
06:45 AM 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0 0 0 0 0 0 0 0 0 0 0 0 0

07:00 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
07:15 AM 0 0 0 0 0 0 0 0 2 0 0 2 2
07:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
07:45 AM 0 0 0 0 0 0 0 0 1 0 0 1 1

Total 0 0 0 0 0 0 0 0 3 0 0 3 3

08:00 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
08:15 AM 0 0 0 0 0 0 0 0 0 0 0 0 0
08:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0

Grand Total 0 0 0 0 0 0 0 0 3 0 0 3 3
Apprch % 0 0 0  0 0 0  100 0 0   

Total % 0 0 0 0 0 0 0 0 100 0 0 100

Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:30 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:00 AM

07:00 AM 0 0 0 0 0 0 0 0 0 0
07:15 AM 0 0 0 0 0 0 2 0 2 2
07:30 AM 0 0 0 0 0 0 0 0 0 0
07:45 AM 0 0 0 0 0 0 1 0 1 1

Total Volume 0 0 0 0 0 0 3 0 3 3
% App. Total 0 0  0 0  100 0   

PHF .000 .000 .000 .000 .000 .000 .375 .000 .375 .375

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 3-Dearing Ave. and E. 10th St. AM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Combined
Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
06:30 AM 0 0 0 0 0 0 0 0 1 0 0 1 1
06:45 AM 0 1 0 1 0 0 0 0 0 0 0 0 1

Total 0 1 0 1 0 0 0 0 1 0 0 1 2

07:00 AM 0 0 0 0 0 1 0 1 0 0 0 0 1
07:15 AM 0 0 0 0 0 0 0 0 2 0 0 2 2
07:30 AM 0 0 0 0 0 0 0 0 1 0 0 1 1
07:45 AM 0 0 1 1 0 0 0 0 2 0 0 2 3

Total 0 0 1 1 0 1 0 1 5 0 0 5 7

08:00 AM 0 0 0 0 0 0 0 0 1 0 0 1 1
08:15 AM 0 0 0 0 0 1 0 1 1 0 0 1 2
08:30 AM 0 0 0 0 0 0 0 0 0 0 0 0 0

Grand Total 0 1 1 2 0 2 0 2 8 0 0 8 12
Apprch % 0 50 50  0 100 0  100 0 0   

Total % 0 8.3 8.3 16.7 0 16.7 0 16.7 66.7 0 0 66.7

Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 06:30 AM to 08:30 AM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 07:00 AM

07:00 AM 0 0 0 0 1 1 0 0 0 1
07:15 AM 0 0 0 0 0 0 2 0 2 2
07:30 AM 0 0 0 0 0 0 1 0 1 1
07:45 AM 0 0 0 0 0 0 2 0 2 2

Total Volume 0 0 0 0 1 1 5 0 5 6
% App. Total 0 0  0 100  100 0   

PHF .000 .000 .000 .000 .250 .250 .625 .000 .625 .750

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 3-Dearing Ave. and E. 10th St. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Car
Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
03:30 PM 0 0 0 0 0 1 0 1 0 0 0 0 1
03:45 PM 0 0 0 0 0 0 0 0 1 0 0 1 1

Total 0 0 0 0 0 1 0 1 1 0 0 1 2

04:00 PM 0 0 0 0 0 1 0 1 0 1 0 1 2
04:15 PM 0 0 0 0 0 1 0 1 0 0 0 0 1
04:30 PM 0 0 0 0 0 0 0 0 2 0 3 5 5
04:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0 0 0 0 0 2 0 2 2 1 3 6 8

05:00 PM 1 0 0 1 1 0 0 1 0 0 0 0 2
05:15 PM 0 0 0 0 0 0 0 0 1 0 0 1 1
05:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 0

Grand Total 1 0 0 1 1 3 0 4 4 1 3 8 13
Apprch % 100 0 0  25 75 0  50 12.5 37.5   

Total % 7.7 0 0 7.7 7.7 23.1 0 30.8 30.8 7.7 23.1 61.5

Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:30 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 03:45 PM

03:45 PM 0 0 0 0 0 0 1 0 1 1
04:00 PM 0 0 0 0 1 1 0 1 1 2
04:15 PM 0 0 0 0 1 1 0 0 0 1
04:30 PM 0 0 0 0 0 0 2 0 2 2

Total Volume 0 0 0 0 2 2 3 1 4 6
% App. Total 0 0  0 100  75 25   

PHF .000 .000 .000 .000 .500 .500 .375 .250 .500 .750

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 3-Dearing Ave. and E. 10th St. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Truck
Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
03:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
03:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0 0 0 0 0 0 0 0 0 0 0 0 0

04:00 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
04:15 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
04:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
04:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0 0 0 0 0 0 0 0 0 0 0 0 0

05:00 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:15 PM 0 0 0 0 0 0 0 0 0 0 0 0 0
05:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 0

Grand Total 0 0 0 0 0 0 0 0 0 0 0 0 0
Apprch % 0 0 0  0 0 0  0 0 0   

Total %             

Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:30 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 03:30 PM

03:30 PM 0 0 0 0 0 0 0 0 0 0
03:45 PM 0 0 0 0 0 0 0 0 0 0
04:00 PM 0 0 0 0 0 0 0 0 0 0
04:15 PM 0 0 0 0 0 0 0 0 0 0

Total Volume 0 0 0 0 0 0 0 0 0 0
% App. Total 0 0  0 0  0 0   

PHF .000 .000 .000 .000 .000 .000 .000 .000 .000 .000

Peggy Malone & Associates, Inc.
(888) 247-8602



File Name : TM 3-Dearing Ave. and E. 10th St. PM
Site Code : 
Start Date : 8/19/2014
Page No : 1

Groups Printed- Combined
Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru Peds App. Total Thru Left Peds App. Total Right Left Peds App. Total Int. Total
03:30 PM 0 0 0 0 0 1 0 1 0 0 0 0 1
03:45 PM 0 0 0 0 0 0 0 0 1 0 0 1 1

Total 0 0 0 0 0 1 0 1 1 0 0 1 2

04:00 PM 0 0 0 0 0 1 0 1 0 1 0 1 2
04:15 PM 0 0 0 0 0 1 0 1 0 0 0 0 1
04:30 PM 0 0 0 0 0 0 0 0 2 0 3 5 5
04:45 PM 0 0 0 0 0 0 0 0 0 0 0 0 0

Total 0 0 0 0 0 2 0 2 2 1 3 6 8

05:00 PM 1 0 0 1 1 0 0 1 0 0 0 0 2
05:15 PM 0 0 0 0 0 0 0 0 1 0 0 1 1
05:30 PM 0 0 0 0 0 0 0 0 0 0 0 0 0

Grand Total 1 0 0 1 1 3 0 4 4 1 3 8 13
Apprch % 100 0 0  25 75 0  50 12.5 37.5   

Total % 7.7 0 0 7.7 7.7 23.1 0 30.8 30.8 7.7 23.1 61.5

Dearing Ave
Southbound

Dearing Ave
Northbound

W. 10th St
Eastbound

Start Time Right Thru App. Total Thru Left App. Total Right Left App. Total Int. Total
Peak Hour Analysis From 03:30 PM to 05:30 PM - Peak 1 of 1
Peak Hour for Entire Intersection Begins at 03:45 PM

03:45 PM 0 0 0 0 0 0 1 0 1 1
04:00 PM 0 0 0 0 1 1 0 1 1 2
04:15 PM 0 0 0 0 1 1 0 0 0 1
04:30 PM 0 0 0 0 0 0 2 0 2 2

Total Volume 0 0 0 0 2 2 3 1 4 6
% App. Total 0 0  0 100  75 25   

PHF .000 .000 .000 .000 .500 .500 .375 .250 .500 .750

Peggy Malone & Associates, Inc.
(888) 247-8602
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o Attachment B 

Excerpts from the 2012 TIA 
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Note: the images above and at right show updated project information. Therefore, this figure supersedes Figure 2-10 of the 2012 TIA. 



Note: the image above shows updated route and schedule information. Therefore, this figure supersedes Figure 3-4 of the 2012 TIA.  
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Intersection Worksheets 



 



HCM 2010 TWSC Existing AM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 5.9
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 144 14 241 93 2 11 7 96
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length 125 - 50 100 - 100 - - -
Veh in Median Storage, # - 0 - - 0 - - 2 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 100 13 0 8 25 0 18 0 7
Mvmt Flow 1 157 15 262 101 2 12 8 104
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 101 0 0 157 0 0 748 784 78
          Stage 1 - - - - - - 159 159 -
          Stage 2 - - - - - - 589 625 -
Critical Hdwy 6.1 - - 4.26 - - 7.86 6.5 7.04
Critical Hdwy Stg 1 - - - - - - 6.86 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.86 5.5 -
Follow-up Hdwy 3.2 - - 2.28 - - 3.68 4 3.37
Pot Cap-1 Maneuver 991 - - 1378 - - 273 327 951
          Stage 1 - - - - - - 783 770 -
          Stage 2 - - - - - - 424 480 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 991 - - 1378 - - 216 265 951
Mov Cap-2 Maneuver - - - - - - 295 363 -
          Stage 1 - - - - - - 782 769 -
          Stage 2 - - - - - - 314 389 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 5.9 11
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 724 991 - - 1378 - - 421
HCM Lane V/C Ratio 0.171 0.001 - - 0.19 - - 0.108
HCM Control Delay (s) 11 8.6 - - 8.2 - - 14.6
HCM Lane LOS B A - - A - - B
HCM 95th %tile Q(veh) 0.6 0 - - 0.7 - - 0.4

HCM 2010 TWSC Existing AM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 5 26 11
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 2 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 4 9
Mvmt Flow 5 28 12
 

Major/Minor Minor2
Conflicting Flow All 709 784 51
          Stage 1 625 625 -
          Stage 2 84 159 -
Critical Hdwy 7.5 6.58 7.08
Critical Hdwy Stg 1 6.5 5.58 -
Critical Hdwy Stg 2 6.5 5.58 -
Follow-up Hdwy 3.5 4.04 3.39
Pot Cap-1 Maneuver 325 320 984
          Stage 1 444 471 -
          Stage 2 920 760 -
Platoon blocked, %
Mov Cap-1 Maneuver 243 259 984
Mov Cap-2 Maneuver 382 344 -
          Stage 1 444 381 -
          Stage 2 810 759 -
 

Approach SB
HCM Control Delay, s 14.6
HCM LOS B
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Existing AM
2: Military Rd & Cox Rd 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 4.4
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 80 2 181 100 1 35
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 0 2 15 0 21
Mvmt Flow 87 2 197 109 1 38
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 89 0 590 88
          Stage 1 - - - - 88 -
          Stage 2 - - - - 502 -
Critical Hdwy - - 4.12 - 6.4 6.41
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy - - 2.218 - 3.5 3.489
Pot Cap-1 Maneuver - - 1506 - 474 920
          Stage 1 - - - - 940 -
          Stage 2 - - - - 612 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1506 - 408 920
Mov Cap-2 Maneuver - - - - 408 -
          Stage 1 - - - - 940 -
          Stage 2 - - - - 527 -
 

Approach EB WB NB
HCM Control Delay, s 0 5 9.2
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 889 - - 1506 -
HCM Lane V/C Ratio 0.044 - - 0.131 -
HCM Control Delay (s) 9.2 - - 7.7 0
HCM Lane LOS A - - A A
HCM 95th %tile Q(veh) 0.1 - - 0.5 -

HCM 2010 TWSC Existing AM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 5.9
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 9 39 125 16 18 8 7 18 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - 50 - - - 150 - 25
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 95 95 95 92 92 92
Heavy Vehicles, % 0 18 0 0 11 63 0 12 0
Mvmt Flow 10 42 136 17 19 8 8 20 1
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 27 0 0 42 0 0 212 123 42
          Stage 1 - - - - - - 62 62 -
          Stage 2 - - - - - - 150 61 -
Critical Hdwy 4.1 - - 4.1 - - 7.1 6.62 6.2
Critical Hdwy Stg 1 - - - - - - 6.1 5.62 -
Critical Hdwy Stg 2 - - - - - - 6.1 5.62 -
Follow-up Hdwy 2.2 - - 2.2 - - 3.5 4.108 3.3
Pot Cap-1 Maneuver 1600 - - 1580 - - 749 749 1034
          Stage 1 - - - - - - 954 824 -
          Stage 2 - - - - - - 857 825 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1600 - - 1580 - - 601 736 1034
Mov Cap-2 Maneuver - - - - - - 601 736 -
          Stage 1 - - - - - - 947 818 -
          Stage 2 - - - - - - 662 816 -
 

Approach EB WB NB
HCM Control Delay, s 0.4 2.8 10.2
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 NBLn2 NBLn3 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 601 736 1034 1600 - - 1580 - - 766
HCM Lane V/C Ratio 0.013 0.027 0.001 0.006 - - 0.011 - - 0.258
HCM Control Delay (s) 11.1 10 8.5 7.3 0 - 7.3 0 - 11.3
HCM Lane LOS B B A A A - A A - B
HCM 95th %tile Q(veh) 0 0.1 0 0 - - 0 - - 1



HCM 2010 TWSC Existing AM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 11 166 5
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 18 1 0
Mvmt Flow 12 180 5
 

Major/Minor Minor2
Conflicting Flow All 129 119 23
          Stage 1 57 57 -
          Stage 2 72 62 -
Critical Hdwy 7.28 6.51 6.2
Critical Hdwy Stg 1 6.28 5.51 -
Critical Hdwy Stg 2 6.28 5.51 -
Follow-up Hdwy 3.662 4.009 3.3
Pot Cap-1 Maneuver 808 773 1060
          Stage 1 916 849 -
          Stage 2 899 845 -
Platoon blocked, %
Mov Cap-1 Maneuver 780 759 1060
Mov Cap-2 Maneuver 780 759 -
          Stage 1 910 840 -
          Stage 2 870 839 -
 

Approach SB
HCM Control Delay, s 11.3
HCM LOS B
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Existing AM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh 2.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 0 0 0 10 0 6 0 89 34
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 0 0 33 0 2 6
Mvmt Flow 0 0 0 11 0 7 0 97 37
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 364 380 109 361 361 115 109 0 0
          Stage 1 246 246 - 115 115 - - - -
          Stage 2 118 134 - 246 246 - - - -
Critical Hdwy 7.1 6.5 6.2 7.1 6.5 6.53 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.1 5.5 - - - -
Critical Hdwy Stg 2 6.1 5.5 - 6.1 5.5 - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.597 2.2 - -
Pot Cap-1 Maneuver 596 556 950 598 569 860 1494 - -
          Stage 1 762 706 - 895 804 - - - -
          Stage 2 891 789 - 762 706 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 569 528 950 575 541 860 1494 - -
Mov Cap-2 Maneuver 569 528 - 575 541 - - - -
          Stage 1 762 671 - 895 804 - - - -
          Stage 2 884 789 - 724 671 - - - -
 

Approach EB WB NB
HCM Control Delay, s 0 10.6 0
HCM LOS A B
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1494 - - - 657 1451 - -
HCM Lane V/C Ratio - - - - 0.026 0.047 - -
HCM Control Delay (s) 0 - - 0 10.6 7.6 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - - 0.1 0.1 - -



HCM 2010 TWSC Existing AM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 7

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 63 100 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 2 0
Mvmt Flow 68 109 0
 

Major/Minor Major2
Conflicting Flow All 134 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.12 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.218 - -
Pot Cap-1 Maneuver 1451 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1451 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 2.9
HCM LOS
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Existing AM
5: Military Rd & W Entrance Rd 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 8

Intersection
Int Delay, s/veh 5.3
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 99 44 5 23 100 10
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 0 9 2 0
Mvmt Flow 108 48 5 25 109 11
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 150 114 120 0 - 0
          Stage 1 114 - - - - -
          Stage 2 36 - - - - -
Critical Hdwy 6.42 6.22 4.1 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.2 - - -
Pot Cap-1 Maneuver 842 939 1480 - - -
          Stage 1 911 - - - - -
          Stage 2 986 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 839 939 1480 - - -
Mov Cap-2 Maneuver 839 - - - - -
          Stage 1 911 - - - - -
          Stage 2 983 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 10.1 1.3 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1480 - 867 - -
HCM Lane V/C Ratio 0.004 - 0.179 - -
HCM Control Delay (s) 7.4 0 10.1 - -
HCM Lane LOS A A B - -
HCM 95th %tile Q(veh) 0 - 0.7 - -



HCM 2010 TWSC Existing AM
6: Garnett Ave & Military Rd 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 9

Intersection
Int Delay, s/veh 1.3
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 98 20 1 8 0 11 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 10 0 0 0 18 0 0
Mvmt Flow 1 107 22 1 9 0 12 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 9 0 0 128 0 0 135 131 117
          Stage 1 - - - - - - 120 120 -
          Stage 2 - - - - - - 15 11 -
Critical Hdwy 4.1 - - 4.1 - - 7.28 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.28 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.28 5.5 -
Follow-up Hdwy 2.2 - - 2.2 - - 3.662 4 3.3
Pot Cap-1 Maneuver 1624 - - 1470 - - 801 763 941
          Stage 1 - - - - - - 847 800 -
          Stage 2 - - - - - - 965 890 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1624 - - 1470 - - 794 761 941
Mov Cap-2 Maneuver - - - - - - 794 761 -
          Stage 1 - - - - - - 846 799 -
          Stage 2 - - - - - - 957 889 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 0.8 9.6
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 794 1624 - - 1470 - - 951
HCM Lane V/C Ratio 0.015 0.001 - - 0.001 - - 0.009
HCM Control Delay (s) 9.6 7.2 0 - 7.5 0 - 8.8
HCM Lane LOS A A A - A A - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Existing AM
6: Garnett Ave & Military Rd 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 10

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 1 1 6
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 100 0 0
Mvmt Flow 1 1 7
 

Major/Minor Minor2
Conflicting Flow All 131 141 9
          Stage 1 11 11 -
          Stage 2 120 130 -
Critical Hdwy 8.1 6.5 6.2
Critical Hdwy Stg 1 7.1 5.5 -
Critical Hdwy Stg 2 7.1 5.5 -
Follow-up Hdwy 4.4 4 3.3
Pot Cap-1 Maneuver 659 754 1079
          Stage 1 806 890 -
          Stage 2 694 792 -
Platoon blocked, %
Mov Cap-1 Maneuver 658 752 1079
Mov Cap-2 Maneuver 658 752 -
          Stage 1 805 889 -
          Stage 2 693 791 -
 

Approach SB
HCM Control Delay, s 8.8
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Existing AM
7: Armistead Ave & Military Rd 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 11

Intersection
Int Delay, s/veh 0.5
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 88 10 0 4 0 4 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 10 0 0 0 18 0 0
Mvmt Flow 1 96 11 0 4 0 4 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 4 0 0 107 0 0 108 107 101
          Stage 1 - - - - - - 103 103 -
          Stage 2 - - - - - - 5 4 -
Critical Hdwy 4.1 - - 4.1 - - 7.28 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.28 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.28 5.5 -
Follow-up Hdwy 2.2 - - 2.2 - - 3.662 4 3.3
Pot Cap-1 Maneuver 1631 - - 1497 - - 834 787 960
          Stage 1 - - - - - - 865 814 -
          Stage 2 - - - - - - 977 897 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1631 - - 1497 - - 833 786 960
Mov Cap-2 Maneuver - - - - - - 833 786 -
          Stage 1 - - - - - - 864 813 -
          Stage 2 - - - - - - 976 897 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 0 9.3
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 833 1631 - - 1497 - - 1085
HCM Lane V/C Ratio 0.005 0.001 - - - - - 0.001
HCM Control Delay (s) 9.3 7.2 0 - 0 - - 8.3
HCM Lane LOS A A A - A - - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Existing AM
7: Armistead Ave & Military Rd 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 12

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 1
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 0
Mvmt Flow 0 0 1
 

Major/Minor Minor2
Conflicting Flow All 107 113 4
          Stage 1 4 4 -
          Stage 2 103 109 -
Critical Hdwy 7.1 6.5 6.2
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.3
Pot Cap-1 Maneuver 877 781 1085
          Stage 1 1024 897 -
          Stage 2 908 809 -
Platoon blocked, %
Mov Cap-1 Maneuver 876 780 1085
Mov Cap-2 Maneuver 876 780 -
          Stage 1 1023 897 -
          Stage 2 907 808 -
 

Approach SB
HCM Control Delay, s 8.3
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Existing AM
8: Dearing Ave & Military Rd/Driveway 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 13

Intersection
Int Delay, s/veh 6.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 0 0 4 0 0 0 3 0 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0
Mvmt Flow 0 0 4 0 0 0 3 0 1
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 8 9 1 10 8 1 1 0 0
          Stage 1 1 1 - 7 7 - - - -
          Stage 2 7 8 - 3 1 - - - -
Critical Hdwy 7.1 6.5 6.2 7.1 6.5 6.2 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.1 5.5 - - - -
Critical Hdwy Stg 2 6.1 5.5 - 6.1 5.5 - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - -
Pot Cap-1 Maneuver 1016 890 1090 1013 891 1090 1635 - -
          Stage 1 1027 899 - 1020 894 - - - -
          Stage 2 1020 893 - 1025 899 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1014 888 1090 1007 889 1090 1635 - -
Mov Cap-2 Maneuver 1014 888 - 1007 889 - - - -
          Stage 1 1025 899 - 1018 892 - - - -
          Stage 2 1018 891 - 1021 899 - - - -
 

Approach EB WB NB
HCM Control Delay, s 8.3 0 5.4
HCM LOS A A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1635 - - 1090 - 1635 - -
HCM Lane V/C Ratio 0.002 - - 0.004 - - - -
HCM Control Delay (s) 7.2 0 - 8.3 0 0 - -
HCM Lane LOS A A - A A A - -
HCM 95th %tile Q(veh) 0 - - 0 - 0 - -

HCM 2010 TWSC Existing AM
8: Dearing Ave & Military Rd/Driveway 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 14

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 1 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 0
Mvmt Flow 0 1 0
 

Major/Minor Major2
Conflicting Flow All 1 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.1 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.2 - -
Pot Cap-1 Maneuver 1635 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1635 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Existing AM
9: W 10th St & Warehouse St 10/1/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 15

Intersection
Int Delay, s/veh 0.7
 

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 3 58 15 5 2 2
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 67 2 20 0 0 0
Mvmt Flow 3 63 16 5 2 2
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 22 0 - 0 89 19
          Stage 1 - - - - 19 -
          Stage 2 - - - - 70 -
Critical Hdwy 4.77 - - - 6.4 6.2
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy 2.803 - - - 3.5 3.3
Pot Cap-1 Maneuver 1258 - - - 917 1065
          Stage 1 - - - - 1009 -
          Stage 2 - - - - 958 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1258 - - - 915 1065
Mov Cap-2 Maneuver - - - - 915 -
          Stage 1 - - - - 1009 -
          Stage 2 - - - - 956 -
 

Approach EB WB SB
HCM Control Delay, s 0.4 0 8.7
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1258 - - - 984
HCM Lane V/C Ratio 0.003 - - - 0.004
HCM Control Delay (s) 7.9 0 - - 8.7
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queues Existing AM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBT EBR WBT WBR NBL NBT SBL SBT
Lane Group Flow (vph) 9 2 15 28 3 311 79 149
v/c Ratio 0.05 0.01 0.08 0.05 0.01 0.60 0.18 0.20
Control Delay 27.2 0.0 27.3 0.2 15.7 22.5 8.9 9.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.2 0.0 27.3 0.2 15.7 22.5 8.9 9.1
Queue Length 50th (ft) 3 0 5 0 1 87 14 27
Queue Length 95th (ft) 16 0 22 0 6 169 33 57
Internal Link Dist (ft) 750 1085 929 1030
Turn Bay Length (ft) 50 225 75 175
Base Capacity (vph) 335 404 804 616 998 1352 502 1585
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.03 0.00 0.02 0.05 0.00 0.23 0.16 0.09

Intersection Summary

HCM 2010 Signalized Intersection Summary Existing AM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2014 Existing AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 7 2 13 1 26 3 190 96 73 136 1
Number 1 6 16 5 2 12 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 190.0 169.6 190.0 178.7 190.0 184.5 162.6 190.0
Adj Flow Rate, veh/h 1 8 2 14 1 28 3 207 104 79 148 1
Adj No. of Lanes 0 1 1 0 1 1 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 12 0 7 7 3 17 17
Cap, veh/h 20 160 154 162 12 232 497 321 161 383 751 5
Arrive On Green 0.10 0.10 0.10 0.10 0.10 0.10 0.29 0.29 0.29 0.07 0.47 0.47
Sat Flow, veh/h 210 1680 1615 1694 121 1442 1258 1123 564 1757 1613 11
Grp Volume(v), veh/h 9 0 2 15 0 28 3 0 311 79 0 149
Grp Sat Flow(s),veh/h/ln 1890 0 1615 1815 0 1442 1258 0 1687 1757 0 1624
Q Serve(g_s), s 0.2 0.0 0.1 0.4 0.0 0.9 0.1 0.0 8.5 1.5 0.0 2.8
Cycle Q Clear(g_c), s 0.2 0.0 0.1 0.4 0.0 0.9 0.1 0.0 8.5 1.5 0.0 2.8
Prop In Lane 0.11 1.00 0.93 1.00 1.00 0.33 1.00 0.01
Lane Grp Cap(c), veh/h 180 0 154 173 0 232 497 0 483 383 0 756
V/C Ratio(X) 0.05 0.00 0.01 0.09 0.00 0.12 0.01 0.00 0.64 0.21 0.00 0.20
Avail Cap(c_a), veh/h 360 0 308 866 0 782 1218 0 1449 604 0 1889
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.5 0.0 21.5 21.6 0.0 18.8 13.4 0.0 16.4 11.4 0.0 8.2
Incr Delay (d2), s/veh 0.1 0.0 0.0 0.2 0.0 0.2 0.0 0.0 1.4 0.3 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.0 0.2 0.0 0.4 0.0 0.0 4.1 0.7 0.0 1.3
LnGrp Delay(d),s/veh 21.7 0.0 21.5 21.8 0.0 19.1 13.4 0.0 17.8 11.6 0.0 8.4
LnGrp LOS C C C B B B B A
Approach Vol, veh/h 11 43 314 228
Approach Delay, s/veh 21.6 20.0 17.8 9.5
Approach LOS C C B A

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 11.0 9.4 21.0 11.0 30.4
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 25.0 10.0 45.0 10.0 61.0
Max Q Clear Time (g_c+I1), s 2.9 3.5 10.5 2.2 4.8
Green Ext Time (p_c), s 0.1 0.1 3.3 0.0 3.4

Intersection Summary
HCM 2010 Ctrl Delay 14.8
HCM 2010 LOS B



Queues Existing AM
11: S. Main St & Church St 10/22/2014

FASTC 2014 Existing AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 10 91 91 127 123 21
v/c Ratio 0.03 0.19 0.11 0.08 0.16 0.03
Control Delay 12.8 3.1 2.6 2.0 10.9 6.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 12.8 3.1 2.6 2.0 10.9 6.5
Queue Length 50th (ft) 1 0 0 0 12 0
Queue Length 95th (ft) 12 14 22 28 61 12
Internal Link Dist (ft) 1078 751 648
Turn Bay Length (ft) 150 225 150
Base Capacity (vph) 1291 827 1042 1727 1634 1583
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.01 0.11 0.09 0.07 0.08 0.01

Intersection Summary

HCM 2010 Signalized Intersection Summary Existing AM
11: S. Main St & Church St 10/22/2014

FASTC 2014 Existing AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 9 84 84 117 113 19
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 171.2 172.7 179.2 172.7 166.7 190.0
Adj Flow Rate, veh/h 10 91 91 127 123 21
Adj No. of Lanes 1 1 1 1 1 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 11 10 6 10 14 0
Cap, veh/h 206 310 598 903 438 425
Arrive On Green 0.13 0.13 0.08 0.52 0.26 0.26
Sat Flow, veh/h 1630 1468 1707 1727 1667 1615
Grp Volume(v), veh/h 10 91 91 127 123 21
Grp Sat Flow(s),veh/h/ln 1630 1468 1707 1727 1667 1615
Q Serve(g_s), s 0.2 1.8 1.1 1.3 2.0 0.3
Cycle Q Clear(g_c), s 0.2 1.8 1.1 1.3 2.0 0.3
Prop In Lane 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 206 310 598 903 438 425
V/C Ratio(X) 0.05 0.29 0.15 0.14 0.28 0.05
Avail Cap(c_a), veh/h 1191 1197 1203 3080 1949 1888
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 13.1 11.4 6.6 4.2 10.0 9.4
Incr Delay (d2), s/veh 0.1 0.6 0.1 0.0 0.1 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 1.6 0.5 0.6 0.9 0.1
LnGrp Delay(d),s/veh 13.3 12.0 6.7 4.2 10.2 9.4
LnGrp LOS B B A A B A
Approach Vol, veh/h 101 218 144
Approach Delay, s/veh 12.1 5.3 10.1
Approach LOS B A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 23.9 10.3 8.9 15.0
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 61.0 25.0 15.0 40.0
Max Q Clear Time (g_c+I1), s 3.3 3.8 3.1 4.0
Green Ext Time (p_c), s 1.1 0.3 0.1 1.1

Intersection Summary
HCM 2010 Ctrl Delay 8.3
HCM 2010 LOS A



Queues Existing AM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2014 Existing AM Int 11-18.syn Synchro 8 Light Report
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Lane Group EBL EBT WBL WBT NBT SBL SBT
Lane Group Flow (vph) 8 18 18 30 137 99 137
v/c Ratio 0.02 0.05 0.04 0.08 0.30 0.21 0.19
Control Delay 26.3 25.8 24.9 13.1 23.2 13.6 13.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 26.3 25.8 24.9 13.1 23.2 13.6 13.0
Queue Length 50th (ft) 3 6 7 2 45 26 36
Queue Length 95th (ft) 15 23 23 23 96 54 70
Internal Link Dist (ft) 598 847 888 606
Turn Bay Length (ft) 100 150 100
Base Capacity (vph) 476 497 952 827 1042 611 1471
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.02 0.04 0.02 0.04 0.13 0.16 0.09

Intersection Summary

HCM 2010 Signalized Intersection Summary Existing AM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2014 Existing AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 7 16 1 17 5 23 0 94 32 91 115 11
Number 5 2 12 1 6 16 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 176.7 190.0 190.0 175.1 190.0 182.7 171.2 190.0
Adj Flow Rate, veh/h 8 17 1 18 5 25 0 102 35 99 125 12
Adj No. of Lanes 1 1 0 1 1 0 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 0 0 7 7 4 12 12
Cap, veh/h 315 309 18 212 30 150 114 296 102 480 652 63
Arrive On Green 0.17 0.17 0.17 0.12 0.12 0.12 0.00 0.24 0.24 0.09 0.42 0.42
Sat Flow, veh/h 1810 1777 105 1810 257 1284 1272 1247 428 1740 1539 148
Grp Volume(v), veh/h 8 0 18 18 0 30 0 0 137 99 0 137
Grp Sat Flow(s),veh/h/ln 1810 0 1882 1810 0 1541 1272 0 1675 1740 0 1686
Q Serve(g_s), s 0.2 0.0 0.5 0.6 0.0 1.1 0.0 0.0 4.3 2.4 0.0 3.2
Cycle Q Clear(g_c), s 0.2 0.0 0.5 0.6 0.0 1.1 0.0 0.0 4.3 2.4 0.0 3.2
Prop In Lane 1.00 0.06 1.00 0.83 1.00 0.26 1.00 0.09
Lane Grp Cap(c), veh/h 315 0 328 212 0 181 114 0 398 480 0 715
V/C Ratio(X) 0.03 0.00 0.05 0.08 0.00 0.17 0.00 0.00 0.34 0.21 0.00 0.19
Avail Cap(c_a), veh/h 430 0 447 859 0 732 517 0 928 735 0 1495
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.6 0.0 21.8 24.9 0.0 25.1 0.0 0.0 20.0 14.0 0.0 11.4
Incr Delay (d2), s/veh 0.0 0.0 0.1 0.2 0.0 0.6 0.0 0.0 0.7 0.2 0.0 0.2
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.3 0.3 0.0 0.5 0.0 0.0 2.1 1.1 0.0 1.5
LnGrp Delay(d),s/veh 21.7 0.0 21.8 25.1 0.0 25.7 0.0 0.0 20.7 14.2 0.0 11.6
LnGrp LOS C C C C C B B
Approach Vol, veh/h 26 48 137 236
Approach Delay, s/veh 21.8 25.5 20.7 12.7
Approach LOS C C C B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 17.0 11.8 21.0 13.4 32.8
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 15.0 15.0 35.0 30.0 56.0
Max Q Clear Time (g_c+I1), s 2.5 4.4 6.3 3.1 5.2
Green Ext Time (p_c), s 0.1 0.1 2.5 0.2 2.7

Intersection Summary
HCM 2010 Ctrl Delay 17.1
HCM 2010 LOS B



HCM 2010 TWSC Existing AM
13: Dearing Ave & Darvills Rd (VA 40) 10/1/2014

FASTC 2014 Existing AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 1.3
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 18 11 2 46 5 7
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - 100 247 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 20 12 2 50 5 8
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 20 0 74 20
          Stage 1 - - - - 20 -
          Stage 2 - - - - 54 -
Critical Hdwy - - 4.12 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.218 - 3.518 3.318
Pot Cap-1 Maneuver - - 1596 - 930 1058
          Stage 1 - - - - 1003 -
          Stage 2 - - - - 969 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1596 - 929 1058
Mov Cap-2 Maneuver - - - - 929 -
          Stage 1 - - - - 1003 -
          Stage 2 - - - - 968 -
 

Approach EB WB NB
HCM Control Delay, s 0 0.3 8.6
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 1000 - - 1596 -
HCM Lane V/C Ratio 0.013 - - 0.001 -
HCM Control Delay (s) 8.6 - - 7.3 -
HCM Lane LOS A - - A -
HCM 95th %tile Q(veh) 0 - - 0 -

HCM 2010 TWSC Existing AM
14: Dearing Ave & W 10th St 10/1/2014

FASTC 2014 Existing AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh 0
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 0 5 1 0 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 0 5 1 0 0 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2 0 0 0 - 0
          Stage 1 0 - - - - -
          Stage 2 2 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1021 - - - - -
          Stage 1 - - - - - -
          Stage 2 1021 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1021 - - - - -
Mov Cap-2 Maneuver 1021 - - - - -
          Stage 1 - - - - - -
          Stage 2 1021 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 0 0
HCM LOS -
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) - - - - -
HCM Lane V/C Ratio - - - - -
HCM Control Delay (s) - - - - -
HCM Lane LOS - - - - -
HCM 95th %tile Q(veh) - - - - -



HCM 2010 TWSC Existing AM
15: Dearing Ave & Business Driveway 10/1/2014

FASTC 2014 Existing AM Int 11-18.syn Synchro 8 Light Report
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Intersection
Int Delay, s/veh 2.5
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 8 0 0 2 4 13
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 9 0 0 2 4 14
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 13 11 18 0 - 0
          Stage 1 11 - - - - -
          Stage 2 2 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1006 1070 1599 - - -
          Stage 1 1012 - - - - -
          Stage 2 1021 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1006 1070 1599 - - -
Mov Cap-2 Maneuver 1006 - - - - -
          Stage 1 1012 - - - - -
          Stage 2 1021 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.6 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1599 - 1006 - -
HCM Lane V/C Ratio - - 0.009 - -
HCM Control Delay (s) 0 - 8.6 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0 - -



HCM 2010 TWSC Existing PM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 6.9
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 7 109 12 152 163 6 30 34 220
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length 125 - 50 100 - 100 - - -
Veh in Median Storage, # - 0 - - 0 - - 2 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 96 96 96 93 93 93
Heavy Vehicles, % 0 18 31 11 20 0 8 3 5
Mvmt Flow 8 118 13 158 170 6 32 37 237
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 170 0 0 118 0 0 546 620 59
          Stage 1 - - - - - - 134 134 -
          Stage 2 - - - - - - 412 486 -
Critical Hdwy 4.1 - - 4.32 - - 7.66 6.56 7
Critical Hdwy Stg 1 - - - - - - 6.66 5.56 -
Critical Hdwy Stg 2 - - - - - - 6.66 5.56 -
Follow-up Hdwy 2.2 - - 2.31 - - 3.58 4.03 3.35
Pot Cap-1 Maneuver 1420 - - 1405 - - 408 400 985
          Stage 1 - - - - - - 838 782 -
          Stage 2 - - - - - - 572 547 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1420 - - 1405 - - 354 353 985
Mov Cap-2 Maneuver - - - - - - 443 445 -
          Stage 1 - - - - - - 833 778 -
          Stage 2 - - - - - - 480 485 -
 

Approach EB WB NB
HCM Control Delay, s 0.4 3.7 12.7
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 773 1420 - - 1405 - - 507
HCM Lane V/C Ratio 0.395 0.005 - - 0.113 - - 0.064
HCM Control Delay (s) 12.7 7.5 - - 7.9 - - 12.6
HCM Lane LOS B A - - A - - B
HCM 95th %tile Q(veh) 1.9 0 - - 0.4 - - 0.2

HCM 2010 TWSC Existing PM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 2 20 8
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 2 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 5 13
Mvmt Flow 2 22 9
 

Major/Minor Minor2
Conflicting Flow All 579 620 85
          Stage 1 486 486 -
          Stage 2 93 134 -
Critical Hdwy 7.5 6.6 7.16
Critical Hdwy Stg 1 6.5 5.6 -
Critical Hdwy Stg 2 6.5 5.6 -
Follow-up Hdwy 3.5 4.05 3.43
Pot Cap-1 Maneuver 403 396 923
          Stage 1 537 542 -
          Stage 2 909 777 -
Platoon blocked, %
Mov Cap-1 Maneuver 261 349 923
Mov Cap-2 Maneuver 408 439 -
          Stage 1 534 481 -
          Stage 2 655 773 -
 

Approach SB
HCM Control Delay, s 12.6
HCM LOS B
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Existing PM
2: Military Rd & Cox Rd 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 3.3
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 151 2 26 159 1 133
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 7 0 28 7 0 5
Mvmt Flow 164 2 28 173 1 145
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 166 0 394 165
          Stage 1 - - - - 165 -
          Stage 2 - - - - 229 -
Critical Hdwy - - 4.38 - 6.4 6.25
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy - - 2.452 - 3.5 3.345
Pot Cap-1 Maneuver - - 1269 - 615 872
          Stage 1 - - - - 869 -
          Stage 2 - - - - 814 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1269 - 600 872
Mov Cap-2 Maneuver - - - - 600 -
          Stage 1 - - - - 869 -
          Stage 2 - - - - 794 -
 

Approach EB WB NB
HCM Control Delay, s 0 1.1 10
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 869 - - 1269 -
HCM Lane V/C Ratio 0.168 - - 0.022 -
HCM Control Delay (s) 10 - - 7.9 0
HCM Lane LOS B - - A A
HCM 95th %tile Q(veh) 0.6 - - 0.1 -

HCM 2010 TWSC Existing PM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 6.7
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 9 42 12 9 56 13 55 111 17
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - 50 - - - 150 - 25
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 5 20 23 15 25 2 5 1
Mvmt Flow 10 46 13 10 61 14 60 121 18
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 75 0 0 46 0 0 161 160 46
          Stage 1 - - - - - - 65 65 -
          Stage 2 - - - - - - 96 95 -
Critical Hdwy 4.1 - - 4.33 - - 7.12 6.55 6.21
Critical Hdwy Stg 1 - - - - - - 6.12 5.55 -
Critical Hdwy Stg 2 - - - - - - 6.12 5.55 -
Follow-up Hdwy 2.2 - - 2.407 - - 3.518 4.045 3.309
Pot Cap-1 Maneuver 1537 - - 1437 - - 804 727 1026
          Stage 1 - - - - - - 946 835 -
          Stage 2 - - - - - - 911 810 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1537 - - 1437 - - 781 717 1026
Mov Cap-2 Maneuver - - - - - - 781 717 -
          Stage 1 - - - - - - 939 829 -
          Stage 2 - - - - - - 887 804 -
 

Approach EB WB NB
HCM Control Delay, s 1.1 0.9 10.5
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 NBLn2 NBLn3 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 781 717 1026 1537 - - 1437 - - 685
HCM Lane V/C Ratio 0.077 0.168 0.018 0.006 - - 0.007 - - 0.043
HCM Control Delay (s) 10 11 8.6 7.4 0 - 7.5 0 - 10.5
HCM Lane LOS B B A A A - A A - B
HCM 95th %tile Q(veh) 0.2 0.6 0.1 0 - - 0 - - 0.1



HCM 2010 TWSC Existing PM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 11 6 10
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 64 24 0
Mvmt Flow 12 7 11
 

Major/Minor Minor2
Conflicting Flow All 214 153 68
          Stage 1 88 88 -
          Stage 2 126 65 -
Critical Hdwy 7.74 6.74 6.2
Critical Hdwy Stg 1 6.74 5.74 -
Critical Hdwy Stg 2 6.74 5.74 -
Follow-up Hdwy 4.076 4.216 3.3
Pot Cap-1 Maneuver 628 700 1001
          Stage 1 787 781 -
          Stage 2 749 799 -
Platoon blocked, %
Mov Cap-1 Maneuver 531 690 1001
Mov Cap-2 Maneuver 531 690 -
          Stage 1 781 776 -
          Stage 2 624 793 -
 

Approach SB
HCM Control Delay, s 10.5
HCM LOS B
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Existing PM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh 5
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 3 0 1 64 0 56 0 82 7
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 2 0 3 0 4 0
Mvmt Flow 3 0 1 70 0 61 0 89 8
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 203 177 46 174 173 93 46 0 0
          Stage 1 80 80 - 93 93 - - - -
          Stage 2 123 97 - 81 80 - - - -
Critical Hdwy 7.1 6.5 6.2 7.12 6.5 6.23 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.12 5.5 - - - -
Critical Hdwy Stg 2 6.1 5.5 - 6.12 5.5 - - - -
Follow-up Hdwy 3.5 4 3.3 3.518 4 3.327 2.2 - -
Pot Cap-1 Maneuver 759 720 1029 789 724 961 1575 - -
          Stage 1 934 832 - 914 822 - - - -
          Stage 2 886 819 - 927 832 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 704 711 1029 780 715 961 1575 - -
Mov Cap-2 Maneuver 704 711 - 780 715 - - - -
          Stage 1 934 821 - 914 822 - - - -
          Stage 2 830 819 - 914 821 - - - -
 

Approach EB WB NB
HCM Control Delay, s 9.7 10 0
HCM LOS A B
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1575 - - 764 855 1385 - -
HCM Lane V/C Ratio - - - 0.006 0.153 0.013 - -
HCM Control Delay (s) 0 - - 9.7 10 7.6 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - 0 0.5 0 - -



HCM 2010 TWSC Existing PM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 7

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 16 42 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 21 14 0
Mvmt Flow 17 46 0
 

Major/Minor Major2
Conflicting Flow All 97 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.31 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.389 - -
Pot Cap-1 Maneuver 1385 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1385 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 2.1
HCM LOS
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Existing PM
5: Military Rd & W Entrance Rd 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 8

Intersection
Int Delay, s/veh 2.3
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 12 18 39 77 29 79
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 6 2 4 15 0
Mvmt Flow 13 20 42 84 32 86
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 242 74 117 0 - 0
          Stage 1 74 - - - - -
          Stage 2 168 - - - - -
Critical Hdwy 6.4 6.26 4.12 - - -
Critical Hdwy Stg 1 5.4 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.354 2.218 - - -
Pot Cap-1 Maneuver 751 977 1471 - - -
          Stage 1 954 - - - - -
          Stage 2 867 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 728 977 1471 - - -
Mov Cap-2 Maneuver 728 - - - - -
          Stage 1 954 - - - - -
          Stage 2 841 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.4 2.5 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1471 - 859 - -
HCM Lane V/C Ratio 0.029 - 0.038 - -
HCM Control Delay (s) 7.5 0 9.4 - -
HCM Lane LOS A A A - -
HCM 95th %tile Q(veh) 0.1 - 0.1 - -



HCM 2010 TWSC Existing PM
6: Garnett Ave/FASTC Driving Tracks & Military Rd 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 9

Intersection
Int Delay, s/veh 2.4
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 28 7 1 74 1 28 1 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 27 19 0 0 4 0 4 0 0
Mvmt Flow 1 30 8 1 80 1 30 1 1
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 82 0 0 38 0 0 122 120 34
          Stage 1 - - - - - - 36 36 -
          Stage 2 - - - - - - 86 84 -
Critical Hdwy 4.37 - - 4.1 - - 7.14 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.14 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.14 5.5 -
Follow-up Hdwy 2.443 - - 2.2 - - 3.536 4 3.3
Pot Cap-1 Maneuver 1371 - - 1585 - - 848 774 1045
          Stage 1 - - - - - - 974 869 -
          Stage 2 - - - - - - 917 829 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1371 - - 1585 - - 841 772 1045
Mov Cap-2 Maneuver - - - - - - 841 772 -
          Stage 1 - - - - - - 973 868 -
          Stage 2 - - - - - - 910 828 -
 

Approach EB WB NB
HCM Control Delay, s 0.2 0.1 9.4
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 844 1371 - - 1585 - - 891
HCM Lane V/C Ratio 0.039 0.001 - - 0.001 - - 0.007
HCM Control Delay (s) 9.4 7.6 0 - 7.3 0 - 9.1
HCM Lane LOS A A A - A A - A
HCM 95th %tile Q(veh) 0.1 0 - - 0 - - 0

HCM 2010 TWSC Existing PM
6: Garnett Ave/FASTC Driving Tracks & Military Rd 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 10

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 2 4
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 6
Mvmt Flow 0 2 4
 

Major/Minor Minor2
Conflicting Flow All 121 123 81
          Stage 1 83 83 -
          Stage 2 38 40 -
Critical Hdwy 7.1 6.5 6.26
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.354
Pot Cap-1 Maneuver 859 771 968
          Stage 1 930 830 -
          Stage 2 982 866 -
Platoon blocked, %
Mov Cap-1 Maneuver 856 769 968
Mov Cap-2 Maneuver 856 769 -
          Stage 1 929 829 -
          Stage 2 979 865 -
 

Approach SB
HCM Control Delay, s 9.1
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Existing PM
7: Armistead Ave/FASTC Driver Training & Military Rd 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 11

Intersection
Int Delay, s/veh 1.3
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 24 3 0 62 0 13 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 27 18 0 0 4 0 1 0 0
Mvmt Flow 1 26 3 0 67 0 14 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 67 0 0 29 0 0 98 97 28
          Stage 1 - - - - - - 30 30 -
          Stage 2 - - - - - - 68 67 -
Critical Hdwy 4.37 - - 4.1 - - 7.11 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.11 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.11 5.5 -
Follow-up Hdwy 2.443 - - 2.2 - - 3.509 4 3.3
Pot Cap-1 Maneuver 1390 - - 1597 - - 886 797 1053
          Stage 1 - - - - - - 989 874 -
          Stage 2 - - - - - - 945 843 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1390 - - 1597 - - 884 796 1053
Mov Cap-2 Maneuver - - - - - - 884 796 -
          Stage 1 - - - - - - 988 873 -
          Stage 2 - - - - - - 944 843 -
 

Approach EB WB NB
HCM Control Delay, s 0.3 0 9.1
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 884 1390 - - 1597 - - 985
HCM Lane V/C Ratio 0.016 0.001 - - - - - 0.001
HCM Control Delay (s) 9.1 7.6 0 - 0 - - 8.7
HCM Lane LOS A A A - A - - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Existing PM
7: Armistead Ave/FASTC Driver Training & Military Rd 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 12

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 1
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 6
Mvmt Flow 0 0 1
 

Major/Minor Minor2
Conflicting Flow All 97 99 67
          Stage 1 67 67 -
          Stage 2 30 32 -
Critical Hdwy 7.1 6.5 6.26
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.354
Pot Cap-1 Maneuver 890 795 985
          Stage 1 948 843 -
          Stage 2 992 872 -
Platoon blocked, %
Mov Cap-1 Maneuver 889 794 985
Mov Cap-2 Maneuver 889 794 -
          Stage 1 947 843 -
          Stage 2 991 871 -
 

Approach SB
HCM Control Delay, s 8.7
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Existing PM
8: Dearing Ave & Military Rd/FASTC Main Campus 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 13

Intersection
Int Delay, s/veh 2.4
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 0 0 1 0 0 0 1 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 27 0 0 6 6 0 0 0
Mvmt Flow 0 0 1 0 0 0 1 0 0
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 3 3 1 4 3 0 1 0 0
          Stage 1 1 1 - 2 2 - - - -
          Stage 2 2 2 - 2 1 - - - -
Critical Hdwy 7.1 6.77 6.2 7.1 6.56 6.26 4.1 - -
Critical Hdwy Stg 1 6.1 5.77 - 6.1 5.56 - - - -
Critical Hdwy Stg 2 6.1 5.77 - 6.1 5.56 - - - -
Follow-up Hdwy 3.5 4.243 3.3 3.5 4.054 3.354 2.2 - -
Pot Cap-1 Maneuver 1024 845 1090 1022 885 - 1635 - -
          Stage 1 1027 848 - 1026 886 - - - -
          Stage 2 1026 847 - 1026 887 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver - 844 1090 1020 884 - 1635 - -
Mov Cap-2 Maneuver - 844 - 1020 884 - - - -
          Stage 1 1026 848 - 1025 885 - - - -
          Stage 2 1025 846 - 1025 887 - - - -
 

Approach EB WB NB
HCM Control Delay, s 0 7.2
HCM LOS - A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1635 - - - - - - -
HCM Lane V/C Ratio 0.001 - - - - - - -
HCM Control Delay (s) 7.2 0 - - 0 0 - -
HCM Lane LOS A A - - A A - -
HCM 95th %tile Q(veh) 0 - - - - - - -

HCM 2010 TWSC Existing PM
8: Dearing Ave & Military Rd/FASTC Main Campus 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 14

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 1 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 27 0 0
Mvmt Flow 0 1 0
 

Major/Minor Major2
Conflicting Flow All 0 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.37 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.443 - -
Pot Cap-1 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver - - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Existing PM
9: W 10th St & Warehouse St 10/1/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 15

Intersection
Int Delay, s/veh 0.4
 

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 1 19 82 2 1 3
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 18 2 5 23 0
Mvmt Flow 1 21 89 2 1 3
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 91 0 - 0 113 90
          Stage 1 - - - - 90 -
          Stage 2 - - - - 23 -
Critical Hdwy 4.1 - - - 6.63 6.2
Critical Hdwy Stg 1 - - - - 5.63 -
Critical Hdwy Stg 2 - - - - 5.63 -
Follow-up Hdwy 2.2 - - - 3.707 3.3
Pot Cap-1 Maneuver 1517 - - - 835 973
          Stage 1 - - - - 883 -
          Stage 2 - - - - 948 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1517 - - - 834 973
Mov Cap-2 Maneuver - - - - 834 -
          Stage 1 - - - - 883 -
          Stage 2 - - - - 947 -
 

Approach EB WB SB
HCM Control Delay, s 0.4 0 8.9
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1517 - - - 934
HCM Lane V/C Ratio 0.001 - - - 0.005
HCM Control Delay (s) 7.4 0 - - 8.9
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queues Existing PM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBT EBR WBT WBR NBL NBT SBL SBT
Lane Group Flow (vph) 10 15 158 86 4 501 51 414
v/c Ratio 0.07 0.06 0.53 0.15 0.01 0.77 0.18 0.46
Control Delay 41.9 0.4 39.5 6.3 17.0 30.8 11.1 14.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 41.9 0.4 39.5 6.3 17.0 30.8 11.1 14.0
Queue Length 50th (ft) 5 0 70 0 1 203 11 113
Queue Length 95th (ft) 24 0 160 34 8 371 32 214
Internal Link Dist (ft) 750 1085 929 1030
Turn Bay Length (ft) 50 225 75 175
Base Capacity (vph) 240 353 632 628 631 1138 347 1460
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.04 0.25 0.14 0.01 0.44 0.15 0.28

Intersection Summary

HCM 2010 Signalized Intersection Summary Existing PM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2014 Existing PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 8 14 125 20 79 4 369 92 48 388 6
Number 1 6 16 5 2 12 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 170.1 190.0 190.0 185.5 171.2 190.0 182.7 190.0 166.7 182.8 190.0
Adj Flow Rate, veh/h 1 9 15 136 22 86 4 401 100 51 408 6
Adj No. of Lanes 0 1 1 0 1 1 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.95
Percent Heavy Veh, % 13 13 0 5 5 11 0 4 4 14 4 4
Cap, veh/h 13 116 122 201 33 258 483 540 135 292 934 14
Arrive On Green 0.08 0.08 0.08 0.13 0.13 0.13 0.38 0.38 0.38 0.05 0.52 0.52
Sat Flow, veh/h 169 1523 1615 1531 248 1455 988 1413 352 1587 1797 26
Grp Volume(v), veh/h 10 0 15 158 0 86 4 0 501 51 0 414
Grp Sat Flow(s),veh/h/ln 1693 0 1615 1779 0 1455 988 0 1765 1587 0 1823
Q Serve(g_s), s 0.4 0.0 0.6 5.6 0.0 3.4 0.2 0.0 16.1 1.2 0.0 9.3
Cycle Q Clear(g_c), s 0.4 0.0 0.6 5.6 0.0 3.4 0.4 0.0 16.1 1.2 0.0 9.3
Prop In Lane 0.10 1.00 0.86 1.00 1.00 0.20 1.00 0.01
Lane Grp Cap(c), veh/h 128 0 122 234 0 258 483 0 675 292 0 947
V/C Ratio(X) 0.08 0.00 0.12 0.68 0.00 0.33 0.01 0.00 0.74 0.17 0.00 0.44
Avail Cap(c_a), veh/h 257 0 245 674 0 619 779 0 1204 460 0 1687
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 28.3 0.0 28.4 27.3 0.0 23.7 12.8 0.0 17.5 12.6 0.0 9.8
Incr Delay (d2), s/veh 0.3 0.0 0.4 3.4 0.0 0.7 0.0 0.0 1.6 0.3 0.0 0.3
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.2 0.0 0.3 2.9 0.0 1.4 0.0 0.0 8.1 0.5 0.0 4.7
LnGrp Delay(d),s/veh 28.6 0.0 28.9 30.7 0.0 24.4 12.8 0.0 19.2 12.9 0.0 10.2
LnGrp LOS C C C C B B B B
Approach Vol, veh/h 25 244 505 465
Approach Delay, s/veh 28.8 28.5 19.1 10.5
Approach LOS C C B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 14.7 9.0 31.2 11.0 40.3
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 25.0 10.0 45.0 10.0 61.0
Max Q Clear Time (g_c+I1), s 7.6 3.2 18.1 2.6 11.3
Green Ext Time (p_c), s 1.1 0.0 7.1 0.0 7.9

Intersection Summary
HCM 2010 Ctrl Delay 17.9
HCM 2010 LOS B



Queues Existing PM
11: S. Main St & Church St 10/22/2014

FASTC 2014 Existing PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 45 218 222 241 266 55
v/c Ratio 0.14 0.32 0.27 0.16 0.52 0.10
Control Delay 20.6 2.8 3.9 3.1 18.8 6.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 20.6 2.8 3.9 3.1 18.8 6.0
Queue Length 50th (ft) 7 0 0 0 40 0
Queue Length 95th (ft) 40 28 51 55 145 21
Internal Link Dist (ft) 1078 751 648
Turn Bay Length (ft) 150 225 150
Base Capacity (vph) 1075 841 928 1726 1460 1422
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.26 0.24 0.14 0.18 0.04

Intersection Summary

HCM 2010 Signalized Intersection Summary Existing PM
11: S. Main St & Church St 10/22/2014

FASTC 2014 Existing PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 41 201 204 222 245 51
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 171.2 172.7 179.2 172.7 166.7 190.0
Adj Flow Rate, veh/h 45 218 222 241 266 55
Adj No. of Lanes 1 1 1 1 1 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 11 10 6 10 14 0
Cap, veh/h 299 464 508 908 412 399
Arrive On Green 0.18 0.18 0.13 0.53 0.25 0.25
Sat Flow, veh/h 1630 1468 1707 1727 1667 1615
Grp Volume(v), veh/h 45 218 222 241 266 55
Grp Sat Flow(s),veh/h/ln 1630 1468 1707 1727 1667 1615
Q Serve(g_s), s 1.0 4.9 3.5 3.2 5.9 1.1
Cycle Q Clear(g_c), s 1.0 4.9 3.5 3.2 5.9 1.1
Prop In Lane 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 299 464 508 908 412 399
V/C Ratio(X) 0.15 0.47 0.44 0.27 0.65 0.14
Avail Cap(c_a), veh/h 988 1085 901 2554 1616 1566
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 14.2 11.3 8.7 5.4 13.9 12.1
Incr Delay (d2), s/veh 0.3 0.9 0.6 0.1 0.6 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.4 4.3 1.7 1.5 2.7 0.5
LnGrp Delay(d),s/veh 14.4 12.2 9.3 5.4 14.5 12.2
LnGrp LOS B B A A B B
Approach Vol, veh/h 263 463 321
Approach Delay, s/veh 12.6 7.3 14.1
Approach LOS B A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 27.7 13.6 11.5 16.2
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 61.0 25.0 15.0 40.0
Max Q Clear Time (g_c+I1), s 5.2 6.9 5.5 7.9
Green Ext Time (p_c), s 2.3 1.0 0.4 2.3

Intersection Summary
HCM 2010 Ctrl Delay 10.7
HCM 2010 LOS B



Queues Existing PM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2014 Existing PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 21 30 48 97 8 254 23 283
v/c Ratio 0.08 0.11 0.16 0.30 0.02 0.45 0.05 0.41
Control Delay 26.8 22.2 25.5 14.2 17.4 20.0 10.6 14.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 26.8 22.2 25.5 14.2 17.4 20.0 10.6 14.0
Queue Length 50th (ft) 5 5 12 7 2 53 4 62
Queue Length 95th (ft) 29 32 48 51 12 157 17 128
Internal Link Dist (ft) 598 847 888 606
Turn Bay Length (ft) 100 150 100 100
Base Capacity (vph) 546 555 1093 995 776 1191 606 1560
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.05 0.04 0.10 0.01 0.21 0.04 0.18

Intersection Summary

HCM 2010 Signalized Intersection Summary Existing PM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2014 Existing PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 19 19 8 44 27 63 7 187 47 21 240 20
Number 5 2 12 1 6 16 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 178.7 190.0 190.0 175.6 190.0 182.7 171.1 190.0
Adj Flow Rate, veh/h 21 21 9 48 29 68 8 203 51 23 261 22
Adj No. of Lanes 1 1 0 1 1 0 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 0 0 7 7 4 12 12
Cap, veh/h 174 121 52 213 56 131 459 390 98 383 686 58
Arrive On Green 0.10 0.10 0.10 0.12 0.12 0.12 0.29 0.29 0.29 0.04 0.44 0.44
Sat Flow, veh/h 1810 1263 541 1810 476 1115 1114 1355 341 1740 1556 131
Grp Volume(v), veh/h 21 0 30 48 0 97 8 0 254 23 0 283
Grp Sat Flow(s),veh/h/ln 1810 0 1804 1810 0 1590 1114 0 1696 1740 0 1688
Q Serve(g_s), s 0.6 0.0 0.8 1.3 0.0 3.0 0.3 0.0 6.5 0.4 0.0 5.9
Cycle Q Clear(g_c), s 0.6 0.0 0.8 1.3 0.0 3.0 0.3 0.0 6.5 0.4 0.0 5.9
Prop In Lane 1.00 0.30 1.00 0.70 1.00 0.20 1.00 0.08
Lane Grp Cap(c), veh/h 174 0 173 213 0 187 459 0 488 383 0 744
V/C Ratio(X) 0.12 0.00 0.17 0.23 0.00 0.52 0.02 0.00 0.52 0.06 0.00 0.38
Avail Cap(c_a), veh/h 521 0 519 1041 0 915 886 0 1139 817 0 1813
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.6 0.0 21.7 20.8 0.0 21.6 13.3 0.0 15.5 11.4 0.0 9.8
Incr Delay (d2), s/veh 0.4 0.0 0.7 0.8 0.0 3.1 0.0 0.0 1.2 0.0 0.0 0.5
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.3 0.0 0.4 0.7 0.0 1.5 0.1 0.0 3.2 0.2 0.0 2.8
LnGrp Delay(d),s/veh 22.0 0.0 22.3 21.6 0.0 24.7 13.3 0.0 16.8 11.4 0.0 10.2
LnGrp LOS C C C C B B B B
Approach Vol, veh/h 51 145 262 306
Approach Delay, s/veh 22.2 23.7 16.7 10.3
Approach LOS C C B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 11.0 8.0 21.0 12.1 29.0
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 15.0 15.0 35.0 30.0 56.0
Max Q Clear Time (g_c+I1), s 2.8 2.4 8.5 5.0 7.9
Green Ext Time (p_c), s 0.1 0.0 5.3 1.0 5.9

Intersection Summary
HCM 2010 Ctrl Delay 15.8
HCM 2010 LOS B



HCM 2010 TWSC Existing PM
13: Dearing Ave & Darvills Rd 10/1/2014

FASTC 2014 Existing PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 1.9
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 52 8 5 42 19 4
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - 100 247 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 57 9 5 46 21 4
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 57 0 114 57
          Stage 1 - - - - 57 -
          Stage 2 - - - - 57 -
Critical Hdwy - - 4.12 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.218 - 3.518 3.318
Pot Cap-1 Maneuver - - 1547 - 882 1009
          Stage 1 - - - - 966 -
          Stage 2 - - - - 966 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1547 - 879 1009
Mov Cap-2 Maneuver - - - - 879 -
          Stage 1 - - - - 966 -
          Stage 2 - - - - 963 -
 

Approach EB WB NB
HCM Control Delay, s 0 0.8 9.1
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 899 - - 1547 -
HCM Lane V/C Ratio 0.028 - - 0.004 -
HCM Control Delay (s) 9.1 - - 7.3 -
HCM Lane LOS A - - A -
HCM 95th %tile Q(veh) 0.1 - - 0 -

HCM 2010 TWSC Existing PM
14: W 10th St & Dearing Ave 10/1/2014

FASTC 2014 Existing PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh 0
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 1 3 2 0 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1 3 2 0 0 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 4 0 0 0 - 0
          Stage 1 0 - - - - -
          Stage 2 4 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1018 - - - - -
          Stage 1 - - - - - -
          Stage 2 1019 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1018 - - - - -
Mov Cap-2 Maneuver 1018 - - - - -
          Stage 1 - - - - - -
          Stage 2 1019 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 0 0
HCM LOS -
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) - - - - -
HCM Lane V/C Ratio - - - - -
HCM Control Delay (s) - - - - -
HCM Lane LOS - - - - -
HCM 95th %tile Q(veh) - - - - -



HCM 2010 TWSC Existing PM
15: Dearing Ave & Business Driveway 10/1/2014

FASTC 2014 Existing PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 4.6
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 20 0 0 4 3 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 22 0 0 4 3 12
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 13 9 15 0 - 0
          Stage 1 9 - - - - -
          Stage 2 4 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1006 1073 1603 - - -
          Stage 1 1014 - - - - -
          Stage 2 1019 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1006 1073 1603 - - -
Mov Cap-2 Maneuver 1006 - - - - -
          Stage 1 1014 - - - - -
          Stage 2 1019 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.7 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1603 - 1006 - -
HCM Lane V/C Ratio - - 0.022 - -
HCM Control Delay (s) 0 - 8.7 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0.1 - -



HCM 2010 TWSC Base AM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 6
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 150 15 251 97 2 11 7 100
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length 125 - 50 100 - 100 - - -
Veh in Median Storage, # - 0 - - 0 - - 2 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 100 13 0 8 25 0 18 0 7
Mvmt Flow 1 163 16 273 105 2 12 8 109
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 105 0 0 163 0 0 778 816 82
          Stage 1 - - - - - - 165 165 -
          Stage 2 - - - - - - 613 651 -
Critical Hdwy 6.1 - - 4.26 - - 7.86 6.5 7.04
Critical Hdwy Stg 1 - - - - - - 6.86 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.86 5.5 -
Follow-up Hdwy 3.2 - - 2.28 - - 3.68 4 3.37
Pot Cap-1 Maneuver 986 - - 1370 - - 259 314 945
          Stage 1 - - - - - - 776 766 -
          Stage 2 - - - - - - 409 468 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 986 - - 1370 - - 202 251 945
Mov Cap-2 Maneuver - - - - - - 280 350 -
          Stage 1 - - - - - - 775 765 -
          Stage 2 - - - - - - 298 375 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 5.9 11.1
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 715 986 - - 1370 - - 404
HCM Lane V/C Ratio 0.179 0.001 - - 0.199 - - 0.116
HCM Control Delay (s) 11.1 8.7 - - 8.3 - - 15.1
HCM Lane LOS B A - - A - - C
HCM 95th %tile Q(veh) 0.7 0 - - 0.7 - - 0.4

HCM 2010 TWSC Base AM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 5 27 11
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 2 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 4 9
Mvmt Flow 5 29 12
 

Major/Minor Minor2
Conflicting Flow All 739 816 53
          Stage 1 651 651 -
          Stage 2 88 165 -
Critical Hdwy 7.5 6.58 7.08
Critical Hdwy Stg 1 6.5 5.58 -
Critical Hdwy Stg 2 6.5 5.58 -
Follow-up Hdwy 3.5 4.04 3.39
Pot Cap-1 Maneuver 309 306 981
          Stage 1 429 458 -
          Stage 2 916 756 -
Platoon blocked, %
Mov Cap-1 Maneuver 228 245 981
Mov Cap-2 Maneuver 367 331 -
          Stage 1 429 367 -
          Stage 2 802 755 -
 

Approach SB
HCM Control Delay, s 15.1
HCM LOS C
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base AM
2: Military Rd & Cox Rd 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 4.4
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 83 2 188 104 1 36
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 0 2 15 0 21
Mvmt Flow 90 2 204 113 1 39
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 92 0 613 91
          Stage 1 - - - - 91 -
          Stage 2 - - - - 522 -
Critical Hdwy - - 4.12 - 6.4 6.41
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy - - 2.218 - 3.5 3.489
Pot Cap-1 Maneuver - - 1503 - 459 917
          Stage 1 - - - - 938 -
          Stage 2 - - - - 599 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1503 - 392 917
Mov Cap-2 Maneuver - - - - 392 -
          Stage 1 - - - - 938 -
          Stage 2 - - - - 512 -
 

Approach EB WB NB
HCM Control Delay, s 0 5 9.3
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 885 - - 1503 -
HCM Lane V/C Ratio 0.045 - - 0.136 -
HCM Control Delay (s) 9.3 - - 7.8 0
HCM Lane LOS A - - A A
HCM 95th %tile Q(veh) 0.1 - - 0.5 -

HCM 2010 TWSC Base AM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 6
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 9 41 130 17 19 8 7 19 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - 50 - - - 150 - 25
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 95 95 95 92 92 92
Heavy Vehicles, % 0 18 0 0 11 63 0 12 0
Mvmt Flow 10 45 141 18 20 8 8 21 1
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 28 0 0 45 0 0 221 128 45
          Stage 1 - - - - - - 64 64 -
          Stage 2 - - - - - - 157 64 -
Critical Hdwy 4.1 - - 4.1 - - 7.1 6.62 6.2
Critical Hdwy Stg 1 - - - - - - 6.1 5.62 -
Critical Hdwy Stg 2 - - - - - - 6.1 5.62 -
Follow-up Hdwy 2.2 - - 2.2 - - 3.5 4.108 3.3
Pot Cap-1 Maneuver 1599 - - 1576 - - 739 744 1031
          Stage 1 - - - - - - 952 822 -
          Stage 2 - - - - - - 850 822 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1599 - - 1576 - - 585 730 1031
Mov Cap-2 Maneuver - - - - - - 585 730 -
          Stage 1 - - - - - - 945 816 -
          Stage 2 - - - - - - 648 812 -
 

Approach EB WB NB
HCM Control Delay, s 0.4 2.8 10.3
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 NBLn2 NBLn3 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 585 730 1031 1599 - - 1576 - - 760
HCM Lane V/C Ratio 0.013 0.028 0.001 0.006 - - 0.011 - - 0.27
HCM Control Delay (s) 11.2 10.1 8.5 7.3 0 - 7.3 0 - 11.5
HCM Lane LOS B B A A A - A A - B
HCM 95th %tile Q(veh) 0 0.1 0 0 - - 0 - - 1.1



HCM 2010 TWSC Base AM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 11 173 5
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 18 1 0
Mvmt Flow 12 188 5
 

Major/Minor Minor2
Conflicting Flow All 134 124 24
          Stage 1 60 60 -
          Stage 2 74 64 -
Critical Hdwy 7.28 6.51 6.2
Critical Hdwy Stg 1 6.28 5.51 -
Critical Hdwy Stg 2 6.28 5.51 -
Follow-up Hdwy 3.662 4.009 3.3
Pot Cap-1 Maneuver 802 768 1058
          Stage 1 913 847 -
          Stage 2 897 844 -
Platoon blocked, %
Mov Cap-1 Maneuver 773 753 1058
Mov Cap-2 Maneuver 773 753 -
          Stage 1 907 837 -
          Stage 2 867 838 -
 

Approach SB
HCM Control Delay, s 11.5
HCM LOS B
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base AM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh 2.2
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 0 0 0 10 0 6 0 93 35
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 0 0 33 0 2 6
Mvmt Flow 0 0 0 11 0 7 0 101 38
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 380 396 113 377 377 120 113 0 0
          Stage 1 257 257 - 120 120 - - - -
          Stage 2 123 139 - 257 257 - - - -
Critical Hdwy 7.1 6.5 6.2 7.1 6.5 6.53 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.1 5.5 - - - -
Critical Hdwy Stg 2 6.1 5.5 - 6.1 5.5 - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.597 2.2 - -
Pot Cap-1 Maneuver 581 544 945 584 558 854 1489 - -
          Stage 1 752 699 - 889 800 - - - -
          Stage 2 886 785 - 752 699 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 553 515 945 560 528 854 1489 - -
Mov Cap-2 Maneuver 553 515 - 560 528 - - - -
          Stage 1 752 662 - 889 800 - - - -
          Stage 2 879 785 - 712 662 - - - -
 

Approach EB WB NB
HCM Control Delay, s 0 10.8 0
HCM LOS A B
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1489 - - - 643 1445 - -
HCM Lane V/C Ratio - - - - 0.027 0.05 - -
HCM Control Delay (s) 0 - - 0 10.8 7.6 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - - 0.1 0.2 - -



HCM 2010 TWSC Base AM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 7

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 66 104 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 2 0
Mvmt Flow 72 113 0
 

Major/Minor Major2
Conflicting Flow All 139 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.12 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.218 - -
Pot Cap-1 Maneuver 1445 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1445 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 3
HCM LOS
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base AM
5: Military Rd & W Entrance Rd 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 8

Intersection
Int Delay, s/veh 5.3
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 103 46 5 24 104 10
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 0 9 2 0
Mvmt Flow 112 50 5 26 113 11
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 155 118 124 0 - 0
          Stage 1 118 - - - - -
          Stage 2 37 - - - - -
Critical Hdwy 6.42 6.22 4.1 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.2 - - -
Pot Cap-1 Maneuver 836 934 1475 - - -
          Stage 1 907 - - - - -
          Stage 2 985 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 833 934 1475 - - -
Mov Cap-2 Maneuver 833 - - - - -
          Stage 1 907 - - - - -
          Stage 2 982 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 10.1 1.3 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1475 - 862 - -
HCM Lane V/C Ratio 0.004 - 0.188 - -
HCM Control Delay (s) 7.5 0 10.1 - -
HCM Lane LOS A A B - -
HCM 95th %tile Q(veh) 0 - 0.7 - -



HCM 2010 TWSC Base AM
6: Garnett Ave & Military Rd 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 9

Intersection
Int Delay, s/veh 1.3
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 102 21 1 8 0 11 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 10 0 0 0 18 0 0
Mvmt Flow 1 111 23 1 9 0 12 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 9 0 0 134 0 0 139 135 122
          Stage 1 - - - - - - 124 124 -
          Stage 2 - - - - - - 15 11 -
Critical Hdwy 4.1 - - 4.1 - - 7.28 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.28 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.28 5.5 -
Follow-up Hdwy 2.2 - - 2.2 - - 3.662 4 3.3
Pot Cap-1 Maneuver 1624 - - 1463 - - 796 760 935
          Stage 1 - - - - - - 843 797 -
          Stage 2 - - - - - - 965 890 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1624 - - 1463 - - 789 758 935
Mov Cap-2 Maneuver - - - - - - 789 758 -
          Stage 1 - - - - - - 842 796 -
          Stage 2 - - - - - - 957 889 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 0.8 9.6
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 789 1624 - - 1463 - - 949
HCM Lane V/C Ratio 0.015 0.001 - - 0.001 - - 0.009
HCM Control Delay (s) 9.6 7.2 0 - 7.5 0 - 8.8
HCM Lane LOS A A A - A A - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Base AM
6: Garnett Ave & Military Rd 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 10

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 1 1 6
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 100 0 0
Mvmt Flow 1 1 7
 

Major/Minor Minor2
Conflicting Flow All 135 147 9
          Stage 1 11 11 -
          Stage 2 124 136 -
Critical Hdwy 8.1 6.5 6.2
Critical Hdwy Stg 1 7.1 5.5 -
Critical Hdwy Stg 2 7.1 5.5 -
Follow-up Hdwy 4.4 4 3.3
Pot Cap-1 Maneuver 655 748 1079
          Stage 1 806 890 -
          Stage 2 690 788 -
Platoon blocked, %
Mov Cap-1 Maneuver 654 747 1079
Mov Cap-2 Maneuver 654 747 -
          Stage 1 805 889 -
          Stage 2 689 787 -
 

Approach SB
HCM Control Delay, s 8.8
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base AM
7: Armistead Ave & Military Rd 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 11

Intersection
Int Delay, s/veh 0.5
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 92 10 0 4 0 4 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 10 0 0 0 18 0 0
Mvmt Flow 1 100 11 0 4 0 4 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 4 0 0 111 0 0 113 112 105
          Stage 1 - - - - - - 108 108 -
          Stage 2 - - - - - - 5 4 -
Critical Hdwy 4.1 - - 4.1 - - 7.28 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.28 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.28 5.5 -
Follow-up Hdwy 2.2 - - 2.2 - - 3.662 4 3.3
Pot Cap-1 Maneuver 1631 - - 1492 - - 828 782 955
          Stage 1 - - - - - - 860 810 -
          Stage 2 - - - - - - 977 897 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1631 - - 1492 - - 827 781 955
Mov Cap-2 Maneuver - - - - - - 827 781 -
          Stage 1 - - - - - - 859 809 -
          Stage 2 - - - - - - 976 897 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 0 9.4
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 827 1631 - - 1492 - - 1085
HCM Lane V/C Ratio 0.005 0.001 - - - - - 0.001
HCM Control Delay (s) 9.4 7.2 0 - 0 - - 8.3
HCM Lane LOS A A A - A - - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Base AM
7: Armistead Ave & Military Rd 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 12

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 1
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 0
Mvmt Flow 0 0 1
 

Major/Minor Minor2
Conflicting Flow All 112 117 4
          Stage 1 4 4 -
          Stage 2 108 113 -
Critical Hdwy 7.1 6.5 6.2
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.3
Pot Cap-1 Maneuver 870 777 1085
          Stage 1 1024 897 -
          Stage 2 902 806 -
Platoon blocked, %
Mov Cap-1 Maneuver 869 776 1085
Mov Cap-2 Maneuver 869 776 -
          Stage 1 1023 897 -
          Stage 2 901 805 -
 

Approach SB
HCM Control Delay, s 8.3
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base AM
8: Dearing Ave & Military Rd/Driveway 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 13

Intersection
Int Delay, s/veh 6.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 0 0 4 0 0 0 3 0 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 0 0 0 0 0 0
Mvmt Flow 0 0 4 0 0 0 3 0 1
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 8 9 1 10 8 1 1 0 0
          Stage 1 1 1 - 7 7 - - - -
          Stage 2 7 8 - 3 1 - - - -
Critical Hdwy 7.1 6.5 6.2 7.1 6.5 6.2 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.1 5.5 - - - -
Critical Hdwy Stg 2 6.1 5.5 - 6.1 5.5 - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.3 2.2 - -
Pot Cap-1 Maneuver 1016 890 1090 1013 891 1090 1635 - -
          Stage 1 1027 899 - 1020 894 - - - -
          Stage 2 1020 893 - 1025 899 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1014 888 1090 1007 889 1090 1635 - -
Mov Cap-2 Maneuver 1014 888 - 1007 889 - - - -
          Stage 1 1025 899 - 1018 892 - - - -
          Stage 2 1018 891 - 1021 899 - - - -
 

Approach EB WB NB
HCM Control Delay, s 8.3 0 5.4
HCM LOS A A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1635 - - 1090 - 1635 - -
HCM Lane V/C Ratio 0.002 - - 0.004 - - - -
HCM Control Delay (s) 7.2 0 - 8.3 0 0 - -
HCM Lane LOS A A - A A A - -
HCM 95th %tile Q(veh) 0 - - 0 - 0 - -

HCM 2010 TWSC Base AM
8: Dearing Ave & Military Rd/Driveway 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 14

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 1 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 0
Mvmt Flow 0 1 0
 

Major/Minor Major2
Conflicting Flow All 1 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.1 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.2 - -
Pot Cap-1 Maneuver 1635 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1635 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base AM
9: W 10th St & Warehouse St 10/1/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 15

Intersection
Int Delay, s/veh 0.7
 

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 3 60 16 5 2 2
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 67 2 20 0 0 0
Mvmt Flow 3 65 17 5 2 2
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 23 0 - 0 92 20
          Stage 1 - - - - 20 -
          Stage 2 - - - - 72 -
Critical Hdwy 4.77 - - - 6.4 6.2
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy 2.803 - - - 3.5 3.3
Pot Cap-1 Maneuver 1257 - - - 913 1064
          Stage 1 - - - - 1008 -
          Stage 2 - - - - 956 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1257 - - - 911 1064
Mov Cap-2 Maneuver - - - - 911 -
          Stage 1 - - - - 1008 -
          Stage 2 - - - - 954 -
 

Approach EB WB SB
HCM Control Delay, s 0.4 0 8.7
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1257 - - - 982
HCM Lane V/C Ratio 0.003 - - - 0.004
HCM Control Delay (s) 7.9 0 - - 8.7
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queues Base AM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBT EBR WBT WBR NBL NBT SBL SBT
Lane Group Flow (vph) 9 2 16 29 3 324 83 155
v/c Ratio 0.05 0.01 0.08 0.05 0.01 0.61 0.19 0.20
Control Delay 27.8 0.0 27.8 0.2 15.7 22.9 9.0 9.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.8 0.0 27.8 0.2 15.7 22.9 9.0 9.1
Queue Length 50th (ft) 3 0 5 0 1 92 14 28
Queue Length 95th (ft) 16 0 23 0 6 177 34 59
Internal Link Dist (ft) 750 1085 929 1030
Turn Bay Length (ft) 50 225 75 175
Base Capacity (vph) 332 402 798 613 986 1342 497 1575
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.03 0.00 0.02 0.05 0.00 0.24 0.17 0.10

Intersection Summary

HCM 2010 Signalized Intersection Summary Base AM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 7 2 14 1 27 3 198 100 76 142 1
Number 1 6 16 5 2 12 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 190.0 169.6 190.0 178.7 190.0 184.5 162.5 190.0
Adj Flow Rate, veh/h 1 8 2 15 1 29 3 215 109 83 154 1
Adj No. of Lanes 0 1 1 0 1 1 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 12 0 7 7 3 17 17
Cap, veh/h 20 160 154 162 11 234 495 320 162 375 753 5
Arrive On Green 0.10 0.10 0.10 0.10 0.10 0.10 0.29 0.29 0.29 0.07 0.47 0.47
Sat Flow, veh/h 210 1680 1615 1701 113 1442 1251 1119 567 1757 1613 10
Grp Volume(v), veh/h 9 0 2 16 0 29 3 0 324 83 0 155
Grp Sat Flow(s),veh/h/ln 1890 0 1615 1815 0 1442 1251 0 1687 1757 0 1624
Q Serve(g_s), s 0.2 0.0 0.1 0.4 0.0 0.9 0.1 0.0 8.9 1.6 0.0 3.0
Cycle Q Clear(g_c), s 0.2 0.0 0.1 0.4 0.0 0.9 0.1 0.0 8.9 1.6 0.0 3.0
Prop In Lane 0.11 1.00 0.94 1.00 1.00 0.34 1.00 0.01
Lane Grp Cap(c), veh/h 180 0 154 173 0 234 495 0 482 375 0 758
V/C Ratio(X) 0.05 0.00 0.01 0.09 0.00 0.12 0.01 0.00 0.67 0.22 0.00 0.20
Avail Cap(c_a), veh/h 360 0 308 864 0 783 1210 0 1446 592 0 1886
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.6 0.0 21.5 21.7 0.0 18.8 13.4 0.0 16.6 11.5 0.0 8.3
Incr Delay (d2), s/veh 0.1 0.0 0.0 0.2 0.0 0.2 0.0 0.0 1.6 0.3 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.0 0.2 0.0 0.4 0.0 0.0 4.4 0.8 0.0 1.3
LnGrp Delay(d),s/veh 21.7 0.0 21.6 21.9 0.0 19.0 13.4 0.0 18.2 11.8 0.0 8.4
LnGrp LOS C C C B B B B A
Approach Vol, veh/h 11 45 327 238
Approach Delay, s/veh 21.7 20.1 18.2 9.6
Approach LOS C C B A

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 11.0 9.5 21.0 11.0 30.5
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 25.0 10.0 45.0 10.0 61.0
Max Q Clear Time (g_c+I1), s 2.9 3.6 10.9 2.2 5.0
Green Ext Time (p_c), s 0.1 0.1 3.5 0.0 3.6

Intersection Summary
HCM 2010 Ctrl Delay 15.1
HCM 2010 LOS B



Queues Base AM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 10 95 95 133 128 22
v/c Ratio 0.03 0.20 0.12 0.08 0.17 0.03
Control Delay 12.9 3.1 2.6 2.0 11.0 6.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 12.9 3.1 2.6 2.0 11.0 6.4
Queue Length 50th (ft) 1 0 0 0 12 0
Queue Length 95th (ft) 12 15 22 29 63 13
Internal Link Dist (ft) 1078 751 648
Turn Bay Length (ft) 150 225 150
Base Capacity (vph) 1295 830 1042 1727 1630 1580
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.01 0.11 0.09 0.08 0.08 0.01

Intersection Summary

HCM 2010 Signalized Intersection Summary Base AM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 9 87 87 122 118 20
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 171.2 172.7 179.2 172.7 166.7 190.0
Adj Flow Rate, veh/h 10 95 95 133 128 22
Adj No. of Lanes 1 1 1 1 1 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 11 10 6 10 14 0
Cap, veh/h 210 316 594 903 436 422
Arrive On Green 0.13 0.13 0.09 0.52 0.26 0.26
Sat Flow, veh/h 1630 1468 1707 1727 1667 1615
Grp Volume(v), veh/h 10 95 95 133 128 22
Grp Sat Flow(s),veh/h/ln 1630 1468 1707 1727 1667 1615
Q Serve(g_s), s 0.2 1.9 1.2 1.4 2.1 0.4
Cycle Q Clear(g_c), s 0.2 1.9 1.2 1.4 2.1 0.4
Prop In Lane 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 210 316 594 903 436 422
V/C Ratio(X) 0.05 0.30 0.16 0.15 0.29 0.05
Avail Cap(c_a), veh/h 1184 1194 1190 3061 1937 1877
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 13.1 11.3 6.7 4.3 10.2 9.5
Incr Delay (d2), s/veh 0.1 0.6 0.1 0.0 0.1 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 1.7 0.5 0.6 1.0 0.2
LnGrp Delay(d),s/veh 13.3 12.0 6.8 4.3 10.3 9.5
LnGrp LOS B B A A B A
Approach Vol, veh/h 105 228 150
Approach Delay, s/veh 12.1 5.3 10.2
Approach LOS B A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 24.0 10.4 9.0 15.0
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 61.0 25.0 15.0 40.0
Max Q Clear Time (g_c+I1), s 3.4 3.9 3.2 4.1
Green Ext Time (p_c), s 1.1 0.4 0.2 1.1

Intersection Summary
HCM 2010 Ctrl Delay 8.3
HCM 2010 LOS A



Queues Base AM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Lane Group EBL EBT WBL WBT NBT SBL SBT
Lane Group Flow (vph) 8 19 20 31 143 103 142
v/c Ratio 0.02 0.05 0.05 0.08 0.31 0.22 0.19
Control Delay 26.4 26.1 25.1 13.1 23.7 13.6 13.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 26.4 26.1 25.1 13.1 23.7 13.6 13.0
Queue Length 50th (ft) 3 7 7 2 48 27 37
Queue Length 95th (ft) 15 25 25 23 100 56 72
Internal Link Dist (ft) 598 847 888 606
Turn Bay Length (ft) 100 150 100
Base Capacity (vph) 475 497 950 825 1040 611 1469
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.02 0.04 0.02 0.04 0.14 0.17 0.10

Intersection Summary

HCM 2010 Signalized Intersection Summary Base AM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 7 17 1 18 5 24 0 98 33 95 120 11
Number 5 2 12 1 6 16 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 176.7 190.0 190.0 175.1 190.0 182.7 171.2 190.0
Adj Flow Rate, veh/h 8 18 1 20 5 26 0 107 36 103 130 12
Adj No. of Lanes 1 1 0 1 1 0 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 0 0 7 7 4 12 12
Cap, veh/h 313 309 17 220 30 157 113 296 100 474 652 60
Arrive On Green 0.17 0.17 0.17 0.12 0.12 0.12 0.00 0.24 0.24 0.09 0.42 0.42
Sat Flow, veh/h 1810 1783 99 1810 248 1291 1266 1254 422 1740 1544 143
Grp Volume(v), veh/h 8 0 19 20 0 31 0 0 143 103 0 142
Grp Sat Flow(s),veh/h/ln 1810 0 1883 1810 0 1539 1266 0 1677 1740 0 1687
Q Serve(g_s), s 0.2 0.0 0.5 0.6 0.0 1.1 0.0 0.0 4.5 2.6 0.0 3.4
Cycle Q Clear(g_c), s 0.2 0.0 0.5 0.6 0.0 1.1 0.0 0.0 4.5 2.6 0.0 3.4
Prop In Lane 1.00 0.05 1.00 0.84 1.00 0.25 1.00 0.08
Lane Grp Cap(c), veh/h 313 0 326 220 0 187 113 0 396 474 0 713
V/C Ratio(X) 0.03 0.00 0.06 0.09 0.00 0.17 0.00 0.00 0.36 0.22 0.00 0.20
Avail Cap(c_a), veh/h 427 0 444 854 0 726 512 0 923 724 0 1486
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.8 0.0 22.0 24.8 0.0 25.0 0.0 0.0 20.3 14.2 0.0 11.6
Incr Delay (d2), s/veh 0.0 0.0 0.1 0.3 0.0 0.6 0.0 0.0 0.8 0.2 0.0 0.2
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.3 0.3 0.0 0.5 0.0 0.0 2.2 1.2 0.0 1.6
LnGrp Delay(d),s/veh 21.9 0.0 22.1 25.1 0.0 25.6 0.0 0.0 21.1 14.4 0.0 11.8
LnGrp LOS C C C C C B B
Approach Vol, veh/h 27 51 143 245
Approach Delay, s/veh 22.0 25.4 21.1 12.9
Approach LOS C C C B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 17.0 11.9 21.0 13.7 32.9
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 15.0 15.0 35.0 30.0 56.0
Max Q Clear Time (g_c+I1), s 2.5 4.6 6.5 3.1 5.4
Green Ext Time (p_c), s 0.1 0.1 2.6 0.3 2.8

Intersection Summary
HCM 2010 Ctrl Delay 17.3
HCM 2010 LOS B



HCM 2010 TWSC Base AM
13: Dearing Ave & Darvills Rd 10/1/2014

FASTC 2018 Base AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 1.3
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 19 11 2 48 5 7
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - 100 247 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 21 12 2 52 5 8
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 21 0 78 21
          Stage 1 - - - - 21 -
          Stage 2 - - - - 57 -
Critical Hdwy - - 4.12 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.218 - 3.518 3.318
Pot Cap-1 Maneuver - - 1595 - 925 1056
          Stage 1 - - - - 1002 -
          Stage 2 - - - - 966 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1595 - 924 1056
Mov Cap-2 Maneuver - - - - 924 -
          Stage 1 - - - - 1002 -
          Stage 2 - - - - 965 -
 

Approach EB WB NB
HCM Control Delay, s 0 0.3 8.7
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 997 - - 1595 -
HCM Lane V/C Ratio 0.013 - - 0.001 -
HCM Control Delay (s) 8.7 - - 7.3 -
HCM Lane LOS A - - A -
HCM 95th %tile Q(veh) 0 - - 0 -

HCM 2010 TWSC Base AM
14: W 10th St & Dearing Ave 10/1/2014

FASTC 2018 Base AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh 0
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 0 5 1 0 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 0 5 1 0 0 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 2 0 0 0 - 0
          Stage 1 0 - - - - -
          Stage 2 2 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1021 - - - - -
          Stage 1 - - - - - -
          Stage 2 1021 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1021 - - - - -
Mov Cap-2 Maneuver 1021 - - - - -
          Stage 1 - - - - - -
          Stage 2 1021 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 0 0
HCM LOS -
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) - - - - -
HCM Lane V/C Ratio - - - - -
HCM Control Delay (s) - - - - -
HCM Lane LOS - - - - -
HCM 95th %tile Q(veh) - - - - -



HCM 2010 TWSC Base AM
15: Dearing Ave & Business Driveway 10/1/2014

FASTC 2018 Base AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 2.5
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 8 0 0 2 4 14
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 9 0 0 2 4 15
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 14 12 20 0 - 0
          Stage 1 12 - - - - -
          Stage 2 2 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1005 1069 1596 - - -
          Stage 1 1011 - - - - -
          Stage 2 1021 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1005 1069 1596 - - -
Mov Cap-2 Maneuver 1005 - - - - -
          Stage 1 1011 - - - - -
          Stage 2 1021 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.6 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1596 - 1005 - -
HCM Lane V/C Ratio - - 0.009 - -
HCM Control Delay (s) 0 - 8.6 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0 - -



HCM 2010 TWSC Base PM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 7
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 7 113 12 158 170 6 31 35 229
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length 125 - 50 100 - 100 - - -
Veh in Median Storage, # - 0 - - 0 - - 2 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 96 96 96 93 93 93
Heavy Vehicles, % 0 18 31 11 20 0 8 3 5
Mvmt Flow 8 123 13 165 177 6 33 38 246
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 177 0 0 123 0 0 567 644 61
          Stage 1 - - - - - - 138 138 -
          Stage 2 - - - - - - 429 506 -
Critical Hdwy 4.1 - - 4.32 - - 7.66 6.56 7
Critical Hdwy Stg 1 - - - - - - 6.66 5.56 -
Critical Hdwy Stg 2 - - - - - - 6.66 5.56 -
Follow-up Hdwy 2.2 - - 2.31 - - 3.58 4.03 3.35
Pot Cap-1 Maneuver 1411 - - 1398 - - 394 388 982
          Stage 1 - - - - - - 834 779 -
          Stage 2 - - - - - - 559 536 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1411 - - 1398 - - 339 340 982
Mov Cap-2 Maneuver - - - - - - 429 434 -
          Stage 1 - - - - - - 829 775 -
          Stage 2 - - - - - - 465 473 -
 

Approach EB WB NB
HCM Control Delay, s 0.4 3.7 13
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 764 1411 - - 1398 - - 492
HCM Lane V/C Ratio 0.415 0.005 - - 0.118 - - 0.068
HCM Control Delay (s) 13 7.6 - - 7.9 - - 12.9
HCM Lane LOS B A - - A - - B
HCM 95th %tile Q(veh) 2.1 0 - - 0.4 - - 0.2

HCM 2010 TWSC Base PM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 2 21 8
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 2 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 5 13
Mvmt Flow 2 23 9
 

Major/Minor Minor2
Conflicting Flow All 601 644 89
          Stage 1 506 506 -
          Stage 2 95 138 -
Critical Hdwy 7.5 6.6 7.16
Critical Hdwy Stg 1 6.5 5.6 -
Critical Hdwy Stg 2 6.5 5.6 -
Follow-up Hdwy 3.5 4.05 3.43
Pot Cap-1 Maneuver 388 384 917
          Stage 1 522 531 -
          Stage 2 907 774 -
Platoon blocked, %
Mov Cap-1 Maneuver 246 337 917
Mov Cap-2 Maneuver 392 427 -
          Stage 1 519 468 -
          Stage 2 643 770 -
 

Approach SB
HCM Control Delay, s 12.9
HCM LOS B
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base PM
2: Military Rd & Cox Rd 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 3.3
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 157 2 27 165 1 138
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 7 0 28 7 0 5
Mvmt Flow 171 2 29 179 1 150
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 173 0 410 172
          Stage 1 - - - - 172 -
          Stage 2 - - - - 238 -
Critical Hdwy - - 4.38 - 6.4 6.25
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy - - 2.452 - 3.5 3.345
Pot Cap-1 Maneuver - - 1261 - 602 864
          Stage 1 - - - - 863 -
          Stage 2 - - - - 806 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1261 - 586 864
Mov Cap-2 Maneuver - - - - 586 -
          Stage 1 - - - - 863 -
          Stage 2 - - - - 785 -
 

Approach EB WB NB
HCM Control Delay, s 0 1.1 10.1
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 861 - - 1261 -
HCM Lane V/C Ratio 0.175 - - 0.023 -
HCM Control Delay (s) 10.1 - - 7.9 0
HCM Lane LOS B - - A A
HCM 95th %tile Q(veh) 0.6 - - 0.1 -

HCM 2010 TWSC Base PM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 6.7
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 9 44 12 9 58 14 57 116 18
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - 50 - - - 150 - 25
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 5 20 23 15 25 2 5 1
Mvmt Flow 10 48 13 10 63 15 62 126 20
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 78 0 0 48 0 0 166 165 48
          Stage 1 - - - - - - 67 67 -
          Stage 2 - - - - - - 99 98 -
Critical Hdwy 4.1 - - 4.33 - - 7.12 6.55 6.21
Critical Hdwy Stg 1 - - - - - - 6.12 5.55 -
Critical Hdwy Stg 2 - - - - - - 6.12 5.55 -
Follow-up Hdwy 2.2 - - 2.407 - - 3.518 4.045 3.309
Pot Cap-1 Maneuver 1533 - - 1435 - - 798 722 1024
          Stage 1 - - - - - - 943 833 -
          Stage 2 - - - - - - 907 808 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1533 - - 1435 - - 775 712 1024
Mov Cap-2 Maneuver - - - - - - 775 712 -
          Stage 1 - - - - - - 936 827 -
          Stage 2 - - - - - - 883 802 -
 

Approach EB WB NB
HCM Control Delay, s 1 0.8 10.5
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 NBLn2 NBLn3 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 775 712 1024 1533 - - 1435 - - 678
HCM Lane V/C Ratio 0.08 0.177 0.019 0.006 - - 0.007 - - 0.043
HCM Control Delay (s) 10 11.1 8.6 7.4 0 - 7.5 0 - 10.6
HCM Lane LOS B B A A A - A A - B
HCM 95th %tile Q(veh) 0.3 0.6 0.1 0 - - 0 - - 0.1



HCM 2010 TWSC Base PM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 11 6 10
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 64 24 0
Mvmt Flow 12 7 11
 

Major/Minor Minor2
Conflicting Flow All 220 157 71
          Stage 1 90 90 -
          Stage 2 130 67 -
Critical Hdwy 7.74 6.74 6.2
Critical Hdwy Stg 1 6.74 5.74 -
Critical Hdwy Stg 2 6.74 5.74 -
Follow-up Hdwy 4.076 4.216 3.3
Pot Cap-1 Maneuver 622 697 997
          Stage 1 785 779 -
          Stage 2 745 798 -
Platoon blocked, %
Mov Cap-1 Maneuver 522 687 997
Mov Cap-2 Maneuver 522 687 -
          Stage 1 780 774 -
          Stage 2 615 792 -
 

Approach SB
HCM Control Delay, s 10.6
HCM LOS B
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base PM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh 5.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 3 0 1 67 0 58 0 85 7
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 2 0 3 0 4 0
Mvmt Flow 3 0 1 73 0 63 0 92 8
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 213 185 48 181 181 96 48 0 0
          Stage 1 85 85 - 96 96 - - - -
          Stage 2 128 100 - 85 85 - - - -
Critical Hdwy 7.1 6.5 6.2 7.12 6.5 6.23 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.12 5.5 - - - -
Critical Hdwy Stg 2 6.1 5.5 - 6.12 5.5 - - - -
Follow-up Hdwy 3.5 4 3.3 3.518 4 3.327 2.2 - -
Pot Cap-1 Maneuver 748 713 1027 781 717 958 1572 - -
          Stage 1 928 828 - 911 819 - - - -
          Stage 2 881 816 - 923 828 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 692 704 1027 772 708 958 1572 - -
Mov Cap-2 Maneuver 692 704 - 772 708 - - - -
          Stage 1 928 817 - 911 819 - - - -
          Stage 2 823 816 - 910 817 - - - -
 

Approach EB WB NB
HCM Control Delay, s 9.8 10.1 0
HCM LOS A B
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1572 - - 753 848 1382 - -
HCM Lane V/C Ratio - - - 0.006 0.16 0.013 - -
HCM Control Delay (s) 0 - - 9.8 10.1 7.6 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - 0 0.6 0 - -



HCM 2010 TWSC Base PM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 7

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 17 44 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 21 14 0
Mvmt Flow 18 48 0
 

Major/Minor Major2
Conflicting Flow All 100 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.31 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.389 - -
Pot Cap-1 Maneuver 1382 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1382 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 2.1
HCM LOS
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base PM
5: Military Rd & W Entrance Rd 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 8

Intersection
Int Delay, s/veh 2.3
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 12 19 41 80 30 82
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 6 2 4 15 0
Mvmt Flow 13 21 45 87 33 89
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 253 77 122 0 - 0
          Stage 1 77 - - - - -
          Stage 2 176 - - - - -
Critical Hdwy 6.4 6.26 4.12 - - -
Critical Hdwy Stg 1 5.4 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.354 2.218 - - -
Pot Cap-1 Maneuver 740 973 1465 - - -
          Stage 1 951 - - - - -
          Stage 2 859 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 716 973 1465 - - -
Mov Cap-2 Maneuver 716 - - - - -
          Stage 1 951 - - - - -
          Stage 2 832 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.4 2.6 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1465 - 854 - -
HCM Lane V/C Ratio 0.03 - 0.039 - -
HCM Control Delay (s) 7.5 0 9.4 - -
HCM Lane LOS A A A - -
HCM 95th %tile Q(veh) 0.1 - 0.1 - -



HCM 2010 TWSC Base PM
6: Garnett Ave/FASTC Driving Tracks & Military Rd 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 9

Intersection
Int Delay, s/veh 2.4
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 29 7 1 77 1 29 1 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 27 19 0 0 4 0 4 0 0
Mvmt Flow 1 32 8 1 84 1 32 1 1
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 85 0 0 39 0 0 128 125 35
          Stage 1 - - - - - - 38 38 -
          Stage 2 - - - - - - 90 87 -
Critical Hdwy 4.37 - - 4.1 - - 7.14 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.14 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.14 5.5 -
Follow-up Hdwy 2.443 - - 2.2 - - 3.536 4 3.3
Pot Cap-1 Maneuver 1368 - - 1584 - - 841 769 1044
          Stage 1 - - - - - - 972 867 -
          Stage 2 - - - - - - 912 827 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1368 - - 1584 - - 834 767 1044
Mov Cap-2 Maneuver - - - - - - 834 767 -
          Stage 1 - - - - - - 971 866 -
          Stage 2 - - - - - - 905 826 -
 

Approach EB WB NB
HCM Control Delay, s 0.2 0.1 9.5
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 837 1368 - - 1584 - - 887
HCM Lane V/C Ratio 0.04 0.001 - - 0.001 - - 0.007
HCM Control Delay (s) 9.5 7.6 0 - 7.3 0 - 9.1
HCM Lane LOS A A A - A A - A
HCM 95th %tile Q(veh) 0.1 0 - - 0 - - 0

HCM 2010 TWSC Base PM
6: Garnett Ave/FASTC Driving Tracks & Military Rd 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 10

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 2 4
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 6
Mvmt Flow 0 2 4
 

Major/Minor Minor2
Conflicting Flow All 125 127 84
          Stage 1 86 86 -
          Stage 2 39 41 -
Critical Hdwy 7.1 6.5 6.26
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.354
Pot Cap-1 Maneuver 854 767 964
          Stage 1 927 827 -
          Stage 2 981 865 -
Platoon blocked, %
Mov Cap-1 Maneuver 851 765 964
Mov Cap-2 Maneuver 851 765 -
          Stage 1 926 826 -
          Stage 2 978 864 -
 

Approach SB
HCM Control Delay, s 9.1
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base PM
7: Armistead Ave/FASTC Driver Training & Military Rd 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 11

Intersection
Int Delay, s/veh 1.3
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 25 3 0 65 0 14 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 27 18 0 0 4 0 1 0 0
Mvmt Flow 1 27 3 0 71 0 15 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 71 0 0 30 0 0 102 102 29
          Stage 1 - - - - - - 31 31 -
          Stage 2 - - - - - - 71 71 -
Critical Hdwy 4.37 - - 4.1 - - 7.11 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.11 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.11 5.5 -
Follow-up Hdwy 2.443 - - 2.2 - - 3.509 4 3.3
Pot Cap-1 Maneuver 1385 - - 1596 - - 881 792 1052
          Stage 1 - - - - - - 988 873 -
          Stage 2 - - - - - - 941 840 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1385 - - 1596 - - 879 791 1052
Mov Cap-2 Maneuver - - - - - - 879 791 -
          Stage 1 - - - - - - 987 872 -
          Stage 2 - - - - - - 940 840 -
 

Approach EB WB NB
HCM Control Delay, s 0.3 0 9.2
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 879 1385 - - 1596 - - 980
HCM Lane V/C Ratio 0.017 0.001 - - - - - 0.001
HCM Control Delay (s) 9.2 7.6 0 - 0 - - 8.7
HCM Lane LOS A A A - A - - A
HCM 95th %tile Q(veh) 0.1 0 - - 0 - - 0

HCM 2010 TWSC Base PM
7: Armistead Ave/FASTC Driver Training & Military Rd 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 12

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 1
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 6
Mvmt Flow 0 0 1
 

Major/Minor Minor2
Conflicting Flow All 102 104 71
          Stage 1 71 71 -
          Stage 2 31 33 -
Critical Hdwy 7.1 6.5 6.26
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.354
Pot Cap-1 Maneuver 884 790 980
          Stage 1 944 840 -
          Stage 2 991 872 -
Platoon blocked, %
Mov Cap-1 Maneuver 883 789 980
Mov Cap-2 Maneuver 883 789 -
          Stage 1 943 840 -
          Stage 2 990 871 -
 

Approach SB
HCM Control Delay, s 8.7
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base PM
8: Dearing Ave & Military Rd/FASTC Main Campus 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 13

Intersection
Int Delay, s/veh 2.4
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 0 0 1 0 0 0 1 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 27 0 0 6 6 0 0 0
Mvmt Flow 0 0 1 0 0 0 1 0 0
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 3 3 1 4 3 0 1 0 0
          Stage 1 1 1 - 2 2 - - - -
          Stage 2 2 2 - 2 1 - - - -
Critical Hdwy 7.1 6.77 6.2 7.1 6.56 6.26 4.1 - -
Critical Hdwy Stg 1 6.1 5.77 - 6.1 5.56 - - - -
Critical Hdwy Stg 2 6.1 5.77 - 6.1 5.56 - - - -
Follow-up Hdwy 3.5 4.243 3.3 3.5 4.054 3.354 2.2 - -
Pot Cap-1 Maneuver 1024 845 1090 1022 885 - 1635 - -
          Stage 1 1027 848 - 1026 886 - - - -
          Stage 2 1026 847 - 1026 887 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver - 844 1090 1020 884 - 1635 - -
Mov Cap-2 Maneuver - 844 - 1020 884 - - - -
          Stage 1 1026 848 - 1025 885 - - - -
          Stage 2 1025 846 - 1025 887 - - - -
 

Approach EB WB NB
HCM Control Delay, s 0 7.2
HCM LOS - A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1635 - - - - - - -
HCM Lane V/C Ratio 0.001 - - - - - - -
HCM Control Delay (s) 7.2 0 - - 0 0 - -
HCM Lane LOS A A - - A A - -
HCM 95th %tile Q(veh) 0 - - - - - - -

HCM 2010 TWSC Base PM
8: Dearing Ave & Military Rd/FASTC Main Campus 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 14

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 1 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 27 0 0
Mvmt Flow 0 1 0
 

Major/Minor Major2
Conflicting Flow All 0 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.37 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.443 - -
Pot Cap-1 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver - - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base PM
9: W 10th St & Warehouse St 10/1/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 15

Intersection
Int Delay, s/veh 0.4
 

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 1 20 85 2 1 3
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 18 2 5 23 0
Mvmt Flow 1 22 92 2 1 3
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 95 0 - 0 117 93
          Stage 1 - - - - 93 -
          Stage 2 - - - - 24 -
Critical Hdwy 4.1 - - - 6.63 6.2
Critical Hdwy Stg 1 - - - - 5.63 -
Critical Hdwy Stg 2 - - - - 5.63 -
Follow-up Hdwy 2.2 - - - 3.707 3.3
Pot Cap-1 Maneuver 1512 - - - 831 970
          Stage 1 - - - - 881 -
          Stage 2 - - - - 947 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1512 - - - 830 970
Mov Cap-2 Maneuver - - - - 830 -
          Stage 1 - - - - 881 -
          Stage 2 - - - - 946 -
 

Approach EB WB SB
HCM Control Delay, s 0.4 0 8.9
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1512 - - - 931
HCM Lane V/C Ratio 0.001 - - - 0.005
HCM Control Delay (s) 7.4 0 - - 8.9
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queues Base PM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBT EBR WBT WBR NBL NBT SBL SBT
Lane Group Flow (vph) 10 16 164 89 4 521 53 431
v/c Ratio 0.07 0.06 0.54 0.16 0.01 0.79 0.19 0.48
Control Delay 43.0 0.4 40.5 6.3 17.0 31.5 11.3 14.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 43.0 0.4 40.5 6.3 17.0 31.5 11.3 14.3
Queue Length 50th (ft) 5 0 74 0 1 217 12 121
Queue Length 95th (ft) 24 0 166 34 8 394 33 227
Internal Link Dist (ft) 750 1085 929 1030
Turn Bay Length (ft) 50 225 75 175
Base Capacity (vph) 235 348 618 626 608 1113 338 1428
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.05 0.27 0.14 0.01 0.47 0.16 0.30

Intersection Summary

HCM 2010 Signalized Intersection Summary Base PM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 8 15 130 21 82 4 384 96 50 404 6
Number 1 6 16 5 2 12 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 170.1 190.0 190.0 185.5 171.2 190.0 182.7 190.0 166.7 182.8 190.0
Adj Flow Rate, veh/h 1 9 16 141 23 89 4 417 104 53 425 6
Adj No. of Lanes 0 1 1 0 1 1 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.95
Percent Heavy Veh, % 13 13 0 5 5 11 0 4 4 14 4 4
Cap, veh/h 12 112 119 205 33 263 476 554 138 288 948 13
Arrive On Green 0.07 0.07 0.07 0.13 0.13 0.13 0.39 0.39 0.39 0.05 0.53 0.53
Sat Flow, veh/h 169 1523 1615 1529 249 1455 972 1412 352 1587 1798 25
Grp Volume(v), veh/h 10 0 16 164 0 89 4 0 521 53 0 431
Grp Sat Flow(s),veh/h/ln 1693 0 1615 1779 0 1455 972 0 1765 1587 0 1823
Q Serve(g_s), s 0.4 0.0 0.6 6.0 0.0 3.6 0.2 0.0 17.3 1.2 0.0 9.9
Cycle Q Clear(g_c), s 0.4 0.0 0.6 6.0 0.0 3.6 1.0 0.0 17.3 1.2 0.0 9.9
Prop In Lane 0.10 1.00 0.86 1.00 1.00 0.20 1.00 0.01
Lane Grp Cap(c), veh/h 125 0 119 238 0 263 476 0 693 288 0 961
V/C Ratio(X) 0.08 0.00 0.13 0.69 0.00 0.34 0.01 0.00 0.75 0.18 0.00 0.45
Avail Cap(c_a), veh/h 249 0 238 655 0 603 739 0 1169 448 0 1638
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 29.3 0.0 29.4 28.1 0.0 24.3 13.1 0.0 17.8 12.9 0.0 9.9
Incr Delay (d2), s/veh 0.3 0.0 0.5 3.5 0.0 0.8 0.0 0.0 1.7 0.3 0.0 0.3
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.2 0.0 0.3 3.1 0.0 1.5 0.0 0.0 8.7 0.6 0.0 5.0
LnGrp Delay(d),s/veh 29.6 0.0 29.9 31.6 0.0 25.0 13.1 0.0 19.5 13.2 0.0 10.3
LnGrp LOS C C C C B B B B
Approach Vol, veh/h 26 253 525 484
Approach Delay, s/veh 29.8 29.3 19.4 10.6
Approach LOS C C B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 15.1 9.2 32.7 11.0 41.8
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 25.0 10.0 45.0 10.0 61.0
Max Q Clear Time (g_c+I1), s 8.0 3.2 19.3 2.6 11.9
Green Ext Time (p_c), s 1.1 0.0 7.4 0.0 8.4

Intersection Summary
HCM 2010 Ctrl Delay 18.2
HCM 2010 LOS B



Queues Base PM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 47 227 230 251 277 58
v/c Ratio 0.15 0.33 0.28 0.17 0.54 0.11
Control Delay 21.0 2.9 4.0 3.1 19.2 5.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 21.0 2.9 4.0 3.1 19.2 5.9
Queue Length 50th (ft) 8 0 0 0 43 0
Queue Length 95th (ft) 42 29 53 58 152 22
Internal Link Dist (ft) 1078 751 648
Turn Bay Length (ft) 150 225 150
Base Capacity (vph) 1060 838 924 1720 1452 1414
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.27 0.25 0.15 0.19 0.04

Intersection Summary

HCM 2010 Signalized Intersection Summary Base PM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 43 209 212 231 255 53
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 171.2 172.7 179.2 172.7 166.7 190.0
Adj Flow Rate, veh/h 47 227 230 251 277 58
Adj No. of Lanes 1 1 1 1 1 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 11 10 6 10 14 0
Cap, veh/h 307 476 505 915 421 408
Arrive On Green 0.19 0.19 0.14 0.53 0.25 0.25
Sat Flow, veh/h 1630 1468 1707 1727 1667 1615
Grp Volume(v), veh/h 47 227 230 251 277 58
Grp Sat Flow(s),veh/h/ln 1630 1468 1707 1727 1667 1615
Q Serve(g_s), s 1.0 5.3 3.7 3.4 6.3 1.2
Cycle Q Clear(g_c), s 1.0 5.3 3.7 3.4 6.3 1.2
Prop In Lane 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 307 476 505 915 421 408
V/C Ratio(X) 0.15 0.48 0.46 0.27 0.66 0.14
Avail Cap(c_a), veh/h 958 1062 875 2477 1567 1519
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 14.4 11.5 8.9 5.5 14.2 12.3
Incr Delay (d2), s/veh 0.3 0.9 0.6 0.1 0.7 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.5 4.6 1.8 1.6 2.9 0.5
LnGrp Delay(d),s/veh 14.7 12.4 9.5 5.6 14.9 12.4
LnGrp LOS B B A A B B
Approach Vol, veh/h 274 481 335
Approach Delay, s/veh 12.8 7.5 14.5
Approach LOS B A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 28.5 14.0 11.8 16.8
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 61.0 25.0 15.0 40.0
Max Q Clear Time (g_c+I1), s 5.4 7.3 5.7 8.3
Green Ext Time (p_c), s 2.5 1.1 0.5 2.4

Intersection Summary
HCM 2010 Ctrl Delay 11.0
HCM 2010 LOS B



Queues Base PM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 22 31 50 102 8 265 24 295
v/c Ratio 0.08 0.11 0.17 0.31 0.02 0.46 0.05 0.43
Control Delay 27.3 22.7 25.9 14.3 17.4 20.2 10.6 14.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.3 22.7 25.9 14.3 17.4 20.2 10.6 14.3
Queue Length 50th (ft) 6 6 12 7 2 57 5 67
Queue Length 95th (ft) 29 33 50 53 12 165 17 135
Internal Link Dist (ft) 598 847 888 606
Turn Bay Length (ft) 100 150 100 100
Base Capacity (vph) 542 551 1084 988 762 1181 603 1553
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.06 0.05 0.10 0.01 0.22 0.04 0.19

Intersection Summary

HCM 2010 Signalized Intersection Summary Base PM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 20 8 46 28 66 7 195 49 22 250 21
Number 5 2 12 1 6 16 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 178.7 190.0 190.0 175.6 190.0 182.7 171.1 190.0
Adj Flow Rate, veh/h 22 22 9 50 30 72 8 212 53 24 272 23
Adj No. of Lanes 1 1 0 1 1 0 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 0 0 7 7 4 12 12
Cap, veh/h 173 123 50 216 56 134 454 389 97 375 686 58
Arrive On Green 0.10 0.10 0.10 0.12 0.12 0.12 0.29 0.29 0.29 0.04 0.44 0.44
Sat Flow, veh/h 1810 1283 525 1810 467 1121 1101 1357 339 1740 1556 132
Grp Volume(v), veh/h 22 0 31 50 0 102 8 0 265 24 0 295
Grp Sat Flow(s),veh/h/ln 1810 0 1807 1810 0 1589 1101 0 1696 1740 0 1688
Q Serve(g_s), s 0.6 0.0 0.8 1.3 0.0 3.2 0.3 0.0 6.9 0.5 0.0 6.2
Cycle Q Clear(g_c), s 0.6 0.0 0.8 1.3 0.0 3.2 0.3 0.0 6.9 0.5 0.0 6.2
Prop In Lane 1.00 0.29 1.00 0.71 1.00 0.20 1.00 0.08
Lane Grp Cap(c), veh/h 173 0 173 216 0 189 454 0 487 375 0 744
V/C Ratio(X) 0.13 0.00 0.18 0.23 0.00 0.54 0.02 0.00 0.54 0.06 0.00 0.40
Avail Cap(c_a), veh/h 519 0 518 1038 0 911 875 0 1135 805 0 1807
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.6 0.0 21.8 20.9 0.0 21.7 13.4 0.0 15.8 11.5 0.0 9.9
Incr Delay (d2), s/veh 0.5 0.0 0.7 0.8 0.0 3.4 0.0 0.0 1.4 0.1 0.0 0.5
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.3 0.0 0.4 0.7 0.0 1.6 0.1 0.0 3.4 0.2 0.0 3.0
LnGrp Delay(d),s/veh 22.1 0.0 22.5 21.6 0.0 25.0 13.4 0.0 17.1 11.5 0.0 10.4
LnGrp LOS C C C C B B B B
Approach Vol, veh/h 53 152 273 319
Approach Delay, s/veh 22.3 23.9 17.0 10.5
Approach LOS C C B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 11.0 8.1 21.0 12.2 29.1
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 15.0 15.0 35.0 30.0 56.0
Max Q Clear Time (g_c+I1), s 2.8 2.5 8.9 5.2 8.2
Green Ext Time (p_c), s 0.1 0.0 5.5 1.0 6.2

Intersection Summary
HCM 2010 Ctrl Delay 16.1
HCM 2010 LOS B



HCM 2010 TWSC Base PM
13: Dearing Ave & Darvills Rd 10/1/2014

FASTC 2018 Base PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 1.9
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 54 8 5 44 20 4
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - 100 247 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 59 9 5 48 22 4
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 59 0 118 59
          Stage 1 - - - - 59 -
          Stage 2 - - - - 59 -
Critical Hdwy - - 4.12 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.218 - 3.518 3.318
Pot Cap-1 Maneuver - - 1545 - 878 1007
          Stage 1 - - - - 964 -
          Stage 2 - - - - 964 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1545 - 875 1007
Mov Cap-2 Maneuver - - - - 875 -
          Stage 1 - - - - 964 -
          Stage 2 - - - - 961 -
 

Approach EB WB NB
HCM Control Delay, s 0 0.7 9.1
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 895 - - 1545 -
HCM Lane V/C Ratio 0.029 - - 0.004 -
HCM Control Delay (s) 9.1 - - 7.3 -
HCM Lane LOS A - - A -
HCM 95th %tile Q(veh) 0.1 - - 0 -

HCM 2010 TWSC Base PM
14: W 10th St & Dearing Ave 10/1/2014

FASTC 2018 Base PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh 0
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 1 3 2 0 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1 3 2 0 0 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 4 0 0 0 - 0
          Stage 1 0 - - - - -
          Stage 2 4 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1018 - - - - -
          Stage 1 - - - - - -
          Stage 2 1019 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1018 - - - - -
Mov Cap-2 Maneuver 1018 - - - - -
          Stage 1 - - - - - -
          Stage 2 1019 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 0 0
HCM LOS -
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) - - - - -
HCM Lane V/C Ratio - - - - -
HCM Control Delay (s) - - - - -
HCM Lane LOS - - - - -
HCM 95th %tile Q(veh) - - - - -



HCM 2010 TWSC Base PM
15: Dearing Ave & Business Driveway 10/1/2014

FASTC 2018 Base PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 4.7
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 21 0 0 4 3 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 23 0 0 4 3 12
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 13 9 15 0 - 0
          Stage 1 9 - - - - -
          Stage 2 4 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1006 1073 1603 - - -
          Stage 1 1014 - - - - -
          Stage 2 1019 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1006 1073 1603 - - -
Mov Cap-2 Maneuver 1006 - - - - -
          Stage 1 1014 - - - - -
          Stage 2 1019 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.7 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1603 - 1006 - -
HCM Lane V/C Ratio - - 0.023 - -
HCM Control Delay (s) 0 - 8.7 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0.1 - -



HCM 2010 TWSC Base + A AM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 7.7
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 150 33 386 97 2 17 7 144
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length 125 - 50 100 - 100 - - -
Veh in Median Storage, # - 0 - - 0 - - 2 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 100 13 3 7 25 0 20 0 12
Mvmt Flow 1 163 36 420 105 2 18 8 157
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 105 0 0 163 0 0 1072 1110 82
          Stage 1 - - - - - - 165 165 -
          Stage 2 - - - - - - 907 945 -
Critical Hdwy 6.1 - - 4.24 - - 7.9 6.5 7.14
Critical Hdwy Stg 1 - - - - - - 6.9 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.9 5.5 -
Follow-up Hdwy 3.2 - - 2.27 - - 3.7 4 3.42
Pot Cap-1 Maneuver 986 - - 1377 - - 153 211 930
          Stage 1 - - - - - - 771 766 -
          Stage 2 - - - - - - 263 343 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 986 - - 1377 - - 104 146 930
Mov Cap-2 Maneuver - - - - - - 149 223 -
          Stage 1 - - - - - - 770 765 -
          Stage 2 - - - - - - 158 238 -
 

Approach EB WB NB
HCM Control Delay, s 0 7 14.5
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 559 986 - - 1377 - - 265
HCM Lane V/C Ratio 0.327 0.001 - - 0.305 - - 0.176
HCM Control Delay (s) 14.5 8.7 - - 8.8 - - 21.5
HCM Lane LOS B A - - A - - C
HCM 95th %tile Q(veh) 1.4 0 - - 1.3 - - 0.6

HCM 2010 TWSC Base + A AM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 5 27 11
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 2 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 4 9
Mvmt Flow 5 29 12
 

Major/Minor Minor2
Conflicting Flow All 1033 1110 53
          Stage 1 945 945 -
          Stage 2 88 165 -
Critical Hdwy 7.5 6.58 7.08
Critical Hdwy Stg 1 6.5 5.58 -
Critical Hdwy Stg 2 6.5 5.58 -
Follow-up Hdwy 3.5 4.04 3.39
Pot Cap-1 Maneuver 189 205 981
          Stage 1 285 334 -
          Stage 2 916 756 -
Platoon blocked, %
Mov Cap-1 Maneuver 117 142 981
Mov Cap-2 Maneuver 230 209 -
          Stage 1 285 232 -
          Stage 2 753 755 -
 

Approach SB
HCM Control Delay, s 21.5
HCM LOS C
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A AM
2: Military Rd & Cox Rd 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 5.9
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 83 2 341 104 1 85
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 6 0 3 14 0 24
Mvmt Flow 90 2 371 113 1 92
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 92 0 945 91
          Stage 1 - - - - 91 -
          Stage 2 - - - - 854 -
Critical Hdwy - - 4.13 - 6.4 6.44
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy - - 2.227 - 3.5 3.516
Pot Cap-1 Maneuver - - 1496 - 293 909
          Stage 1 - - - - 938 -
          Stage 2 - - - - 421 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1496 - 215 909
Mov Cap-2 Maneuver - - - - 215 -
          Stage 1 - - - - 938 -
          Stage 2 - - - - 309 -
 

Approach EB WB NB
HCM Control Delay, s 0 6.3 9.6
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 876 - - 1496 -
HCM Lane V/C Ratio 0.107 - - 0.248 -
HCM Control Delay (s) 9.6 - - 8.2 0
HCM Lane LOS A - - A A
HCM 95th %tile Q(veh) 0.4 - - 1 -

HCM 2010 TWSC Base + A AM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 9.3
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 9 41 134 21 19 8 8 68 2
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - 50 - - - 150 - 25
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 95 95 95 92 92 92
Heavy Vehicles, % 0 18 1 1 11 63 9 21 12
Mvmt Flow 10 45 146 22 20 8 9 74 2
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 28 0 0 45 0 0 312 137 45
          Stage 1 - - - - - - 64 64 -
          Stage 2 - - - - - - 248 73 -
Critical Hdwy 4.1 - - 4.11 - - 7.19 6.71 6.32
Critical Hdwy Stg 1 - - - - - - 6.19 5.71 -
Critical Hdwy Stg 2 - - - - - - 6.19 5.71 -
Follow-up Hdwy 2.2 - - 2.209 - - 3.581 4.189 3.408
Pot Cap-1 Maneuver 1599 - - 1570 - - 627 720 997
          Stage 1 - - - - - - 930 806 -
          Stage 2 - - - - - - 741 798 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1599 - - 1570 - - 384 705 997
Mov Cap-2 Maneuver - - - - - - 384 705 -
          Stage 1 - - - - - - 923 800 -
          Stage 2 - - - - - - 414 787 -
 

Approach EB WB NB
HCM Control Delay, s 0.4 3.2 11
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 NBLn2 NBLn3 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 384 705 997 1599 - - 1570 - - 742
HCM Lane V/C Ratio 0.023 0.105 0.002 0.006 - - 0.014 - - 0.501
HCM Control Delay (s) 14.6 10.7 8.6 7.3 0 - 7.3 0 - 14.6
HCM Lane LOS B B A A A - A A - B
HCM 95th %tile Q(veh) 0.1 0.4 0 0 - - 0 - - 2.8



HCM 2010 TWSC Base + A AM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 11 326 5
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 18 3 0
Mvmt Flow 12 354 5
 

Major/Minor Minor2
Conflicting Flow All 169 132 24
          Stage 1 68 68 -
          Stage 2 101 64 -
Critical Hdwy 7.28 6.53 6.2
Critical Hdwy Stg 1 6.28 5.53 -
Critical Hdwy Stg 2 6.28 5.53 -
Follow-up Hdwy 3.662 4.027 3.3
Pot Cap-1 Maneuver 760 757 1058
          Stage 1 904 836 -
          Stage 2 867 840 -
Platoon blocked, %
Mov Cap-1 Maneuver 687 741 1058
Mov Cap-2 Maneuver 687 741 -
          Stage 1 898 824 -
          Stage 2 780 834 -
 

Approach SB
HCM Control Delay, s 14.6
HCM LOS B
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base + A AM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh 4.9
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 0 0 0 11 0 58 0 93 39
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 0 0 31 0 9 6
Mvmt Flow 0 0 0 12 0 63 0 101 42
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 758 747 113 726 726 122 113 0 0
          Stage 1 604 604 - 122 122 - - - -
          Stage 2 154 143 - 604 604 - - - -
Critical Hdwy 7.1 6.5 6.2 7.1 6.5 6.51 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.1 5.5 - - - -
Critical Hdwy Stg 2 6.1 5.5 - 6.1 5.5 - - - -
Follow-up Hdwy 3.5 4 3.3 3.5 4 3.579 2.2 - -
Pot Cap-1 Maneuver 326 344 945 343 354 857 1489 - -
          Stage 1 489 491 - 887 799 - - - -
          Stage 2 853 782 - 489 491 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 260 281 945 295 290 857 1489 - -
Mov Cap-2 Maneuver 260 281 - 295 290 - - - -
          Stage 1 489 402 - 887 799 - - - -
          Stage 2 790 782 - 400 402 - - - -
 

Approach EB WB NB
HCM Control Delay, s 0 11.2 0
HCM LOS A B
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1489 - - - 657 1440 - -
HCM Lane V/C Ratio - - - - 0.114 0.171 - -
HCM Control Delay (s) 0 - - 0 11.2 8 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - - 0.4 0.6 - -



HCM 2010 TWSC Base + A AM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 7

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 226 104 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 4 0
Mvmt Flow 246 113 0
 

Major/Minor Major2
Conflicting Flow All 143 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.12 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.218 - -
Pot Cap-1 Maneuver 1440 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1440 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 5.5
HCM LOS
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base + A AM
5: Military Rd & W Entrance Rd 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 8

Intersection
Int Delay, s/veh 5.8
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 107 62 10 24 104 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 3 12 19 4 0
Mvmt Flow 116 67 11 26 113 12
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 167 119 125 0 - 0
          Stage 1 119 - - - - -
          Stage 2 48 - - - - -
Critical Hdwy 6.42 6.23 4.22 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.327 2.308 - - -
Pot Cap-1 Maneuver 823 930 1402 - - -
          Stage 1 906 - - - - -
          Stage 2 974 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 816 930 1402 - - -
Mov Cap-2 Maneuver 816 - - - - -
          Stage 1 906 - - - - -
          Stage 2 966 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 10.4 2.2 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1402 - 854 - -
HCM Lane V/C Ratio 0.008 - 0.215 - -
HCM Control Delay (s) 7.6 0 10.4 - -
HCM Lane LOS A A B - -
HCM 95th %tile Q(veh) 0 - 0.8 - -



HCM 2010 TWSC Base + A AM
6: Garnett Ave & Military Rd 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 9

Intersection
Int Delay, s/veh 1.2
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 118 21 1 13 0 11 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 5 3 10 0 21 0 18 0 0
Mvmt Flow 1 128 23 1 14 0 12 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 14 0 0 151 0 0 162 158 140
          Stage 1 - - - - - - 142 142 -
          Stage 2 - - - - - - 20 16 -
Critical Hdwy 4.15 - - 4.1 - - 7.28 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.28 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.28 5.5 -
Follow-up Hdwy 2.245 - - 2.2 - - 3.662 4 3.3
Pot Cap-1 Maneuver 1585 - - 1442 - - 768 738 913
          Stage 1 - - - - - - 824 783 -
          Stage 2 - - - - - - 959 886 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1585 - - 1442 - - 761 737 913
Mov Cap-2 Maneuver - - - - - - 761 737 -
          Stage 1 - - - - - - 823 782 -
          Stage 2 - - - - - - 951 885 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 0.5 9.8
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 761 1585 - - 1442 - - 929
HCM Lane V/C Ratio 0.016 0.001 - - 0.001 - - 0.009
HCM Control Delay (s) 9.8 7.3 0 - 7.5 0 - 8.9
HCM Lane LOS A A A - A A - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Base + A AM
6: Garnett Ave & Military Rd 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 10

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 1 1 6
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 26
Mvmt Flow 1 1 7
 

Major/Minor Minor2
Conflicting Flow All 158 169 14
          Stage 1 16 16 -
          Stage 2 142 153 -
Critical Hdwy 7.1 6.5 6.46
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.534
Pot Cap-1 Maneuver 813 728 1000
          Stage 1 1009 886 -
          Stage 2 866 775 -
Platoon blocked, %
Mov Cap-1 Maneuver 812 727 1000
Mov Cap-2 Maneuver 812 727 -
          Stage 1 1008 885 -
          Stage 2 865 774 -
 

Approach SB
HCM Control Delay, s 8.9
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A AM
7: Armistead Ave & Military Rd 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 11

Intersection
Int Delay, s/veh 0.4
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 108 10 0 9 0 4 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 5 3 1 0 22 0 1 0 0
Mvmt Flow 1 117 11 0 10 0 4 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 10 0 0 128 0 0 135 135 123
          Stage 1 - - - - - - 125 125 -
          Stage 2 - - - - - - 10 10 -
Critical Hdwy 4.15 - - 4.1 - - 7.11 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.11 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.11 5.5 -
Follow-up Hdwy 2.245 - - 2.2 - - 3.509 4 3.3
Pot Cap-1 Maneuver 1590 - - 1470 - - 839 760 933
          Stage 1 - - - - - - 881 796 -
          Stage 2 - - - - - - 1014 891 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1590 - - 1470 - - 837 759 933
Mov Cap-2 Maneuver - - - - - - 837 759 -
          Stage 1 - - - - - - 880 795 -
          Stage 2 - - - - - - 1013 891 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 0 9.3
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 837 1590 - - 1470 - - 1005
HCM Lane V/C Ratio 0.005 0.001 - - - - - 0.001
HCM Control Delay (s) 9.3 7.3 0 - 0 - - 8.6
HCM Lane LOS A A A - A - - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Base + A AM
7: Armistead Ave & Military Rd 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 12

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 1
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 26
Mvmt Flow 0 0 1
 

Major/Minor Minor2
Conflicting Flow All 135 140 10
          Stage 1 10 10 -
          Stage 2 125 130 -
Critical Hdwy 7.1 6.5 6.46
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.534
Pot Cap-1 Maneuver 841 755 1005
          Stage 1 1016 891 -
          Stage 2 884 792 -
Platoon blocked, %
Mov Cap-1 Maneuver 840 754 1005
Mov Cap-2 Maneuver 840 754 -
          Stage 1 1015 891 -
          Stage 2 883 791 -
 

Approach SB
HCM Control Delay, s 8.6
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A AM
8: Dearing Ave & Military Rd/FASTC Main Campus 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 13

Intersection
Int Delay, s/veh 6.5
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 16 0 4 0 0 0 3 0 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 5 0 0 26 26 0 0 0
Mvmt Flow 17 0 4 0 0 0 3 0 1
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 11 12 4 13 14 1 7 0 0
          Stage 1 4 4 - 7 7 - - - -
          Stage 2 7 8 - 6 7 - - - -
Critical Hdwy 7.1 6.55 6.2 7.1 6.76 6.46 4.1 - -
Critical Hdwy Stg 1 6.1 5.55 - 6.1 5.76 - - - -
Critical Hdwy Stg 2 6.1 5.55 - 6.1 5.76 - - - -
Follow-up Hdwy 3.5 4.045 3.3 3.5 4.234 3.534 2.2 - -
Pot Cap-1 Maneuver 1012 877 1085 1009 835 1017 1627 - -
          Stage 1 1024 887 - 1020 844 - - - -
          Stage 2 1020 883 - 1021 844 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1010 875 1085 1003 833 1017 1627 - -
Mov Cap-2 Maneuver 1010 875 - 1003 833 - - - -
          Stage 1 1022 887 - 1018 842 - - - -
          Stage 2 1018 881 - 1017 844 - - - -
 

Approach EB WB NB
HCM Control Delay, s 8.6 0 5.4
HCM LOS A A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1627 - - 1024 - 1602 - -
HCM Lane V/C Ratio 0.002 - - 0.021 - - - -
HCM Control Delay (s) 7.2 0 - 8.6 0 0 - -
HCM Lane LOS A A - A A A - -
HCM 95th %tile Q(veh) 0 - - 0.1 - 0 - -

HCM 2010 TWSC Base + A AM
8: Dearing Ave & Military Rd/FASTC Main Campus 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 14

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 1 5
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 5 0 0
Mvmt Flow 0 1 5
 

Major/Minor Major2
Conflicting Flow All 1 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.15 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.245 - -
Pot Cap-1 Maneuver 1602 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1602 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A AM
9: W 10th St & Warehouse St 10/1/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 15

Intersection
Int Delay, s/veh 0.2
 

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 3 223 69 5 2 2
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 67 3 21 12 4 0
Mvmt Flow 3 242 75 5 2 2
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 80 0 - 0 327 78
          Stage 1 - - - - 78 -
          Stage 2 - - - - 249 -
Critical Hdwy 4.77 - - - 6.44 6.2
Critical Hdwy Stg 1 - - - - 5.44 -
Critical Hdwy Stg 2 - - - - 5.44 -
Follow-up Hdwy 2.803 - - - 3.536 3.3
Pot Cap-1 Maneuver 1192 - - - 663 988
          Stage 1 - - - - 940 -
          Stage 2 - - - - 788 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1192 - - - 661 988
Mov Cap-2 Maneuver - - - - 661 -
          Stage 1 - - - - 940 -
          Stage 2 - - - - 786 -
 

Approach EB WB SB
HCM Control Delay, s 0.1 0 9.6
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1192 - - - 792
HCM Lane V/C Ratio 0.003 - - - 0.005
HCM Control Delay (s) 8 0 - - 9.6
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queues Base + A AM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBT EBR WBT WBR NBL NBT SBL SBT
Lane Group Flow (vph) 9 2 18 34 3 331 97 155
v/c Ratio 0.05 0.01 0.09 0.06 0.01 0.62 0.22 0.20
Control Delay 28.4 0.0 28.4 0.3 15.7 23.2 9.2 9.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 28.4 0.0 28.4 0.3 15.7 23.2 9.2 9.1
Queue Length 50th (ft) 3 0 6 0 1 95 17 28
Queue Length 95th (ft) 17 0 25 2 6 184 39 59
Internal Link Dist (ft) 750 1085 929 1030
Turn Bay Length (ft) 50 225 75 175
Base Capacity (vph) 329 400 769 605 976 1327 493 1565
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.03 0.01 0.02 0.06 0.00 0.25 0.20 0.10

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + A AM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base + A AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 7 2 16 1 31 3 198 107 89 142 1
Number 1 6 16 5 2 12 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 184.8 168.1 190.0 178.7 190.0 184.5 162.5 190.0
Adj Flow Rate, veh/h 1 8 2 17 1 34 3 215 116 97 154 1
Adj No. of Lanes 0 1 1 0 1 1 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 13 0 7 7 3 17 17
Cap, veh/h 20 159 153 158 9 238 492 311 168 375 758 5
Arrive On Green 0.09 0.09 0.09 0.09 0.09 0.09 0.28 0.28 0.28 0.07 0.47 0.47
Sat Flow, veh/h 210 1680 1615 1666 98 1429 1251 1093 590 1757 1613 10
Grp Volume(v), veh/h 9 0 2 18 0 34 3 0 331 97 0 155
Grp Sat Flow(s),veh/h/ln 1890 0 1615 1764 0 1429 1251 0 1683 1757 0 1624
Q Serve(g_s), s 0.2 0.0 0.1 0.5 0.0 1.1 0.1 0.0 9.3 1.9 0.0 3.0
Cycle Q Clear(g_c), s 0.2 0.0 0.1 0.5 0.0 1.1 0.1 0.0 9.3 1.9 0.0 3.0
Prop In Lane 0.11 1.00 0.94 1.00 1.00 0.35 1.00 0.01
Lane Grp Cap(c), veh/h 179 0 153 167 0 238 492 0 478 375 0 763
V/C Ratio(X) 0.05 0.00 0.01 0.11 0.00 0.14 0.01 0.00 0.69 0.26 0.00 0.20
Avail Cap(c_a), veh/h 358 0 306 835 0 779 1203 0 1435 582 0 1876
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.7 0.0 21.7 21.9 0.0 18.8 13.6 0.0 16.8 11.6 0.0 8.2
Incr Delay (d2), s/veh 0.1 0.0 0.0 0.3 0.0 0.3 0.0 0.0 1.8 0.4 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.0 0.3 0.0 0.4 0.0 0.0 4.5 0.9 0.0 1.3
LnGrp Delay(d),s/veh 21.9 0.0 21.7 22.1 0.0 19.1 13.6 0.0 18.6 11.9 0.0 8.3
LnGrp LOS C C C B B B B A
Approach Vol, veh/h 11 52 334 252
Approach Delay, s/veh 21.8 20.1 18.6 9.7
Approach LOS C C B A

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 11.0 9.8 21.0 11.0 30.8
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 25.0 10.0 45.0 10.0 61.0
Max Q Clear Time (g_c+I1), s 3.1 3.9 11.3 2.2 5.0
Green Ext Time (p_c), s 0.1 0.1 3.5 0.0 3.7

Intersection Summary
HCM 2010 Ctrl Delay 15.3
HCM 2010 LOS B



Queues Base + A AM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 10 104 98 134 133 22
v/c Ratio 0.03 0.21 0.12 0.08 0.18 0.03
Control Delay 13.0 3.1 2.6 2.0 11.1 6.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 13.0 3.1 2.6 2.0 11.1 6.4
Queue Length 50th (ft) 1 0 0 0 13 0
Queue Length 95th (ft) 12 16 23 29 66 13
Internal Link Dist (ft) 1078 751 648
Turn Bay Length (ft) 150 225 150
Base Capacity (vph) 1306 839 1042 1727 1628 1578
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.01 0.12 0.09 0.08 0.08 0.01

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + A AM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 9 96 90 123 122 20
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 171.2 172.7 179.2 172.7 166.7 190.0
Adj Flow Rate, veh/h 10 104 98 134 133 22
Adj No. of Lanes 1 1 1 1 1 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 11 10 6 10 14 0
Cap, veh/h 219 327 588 898 432 419
Arrive On Green 0.13 0.13 0.09 0.52 0.26 0.26
Sat Flow, veh/h 1630 1468 1707 1727 1667 1615
Grp Volume(v), veh/h 10 104 98 134 133 22
Grp Sat Flow(s),veh/h/ln 1630 1468 1707 1727 1667 1615
Q Serve(g_s), s 0.2 2.1 1.3 1.4 2.2 0.4
Cycle Q Clear(g_c), s 0.2 2.1 1.3 1.4 2.2 0.4
Prop In Lane 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 219 327 588 898 432 419
V/C Ratio(X) 0.05 0.32 0.17 0.15 0.31 0.05
Avail Cap(c_a), veh/h 1174 1186 1175 3034 1920 1860
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 13.1 11.3 6.8 4.3 10.4 9.7
Incr Delay (d2), s/veh 0.1 0.7 0.1 0.0 0.1 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 1.8 0.6 0.7 1.0 0.2
LnGrp Delay(d),s/veh 13.2 12.0 6.9 4.4 10.5 9.7
LnGrp LOS B B A A B A
Approach Vol, veh/h 114 232 155
Approach Delay, s/veh 12.1 5.5 10.4
Approach LOS B A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 24.1 10.7 9.1 15.0
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 61.0 25.0 15.0 40.0
Max Q Clear Time (g_c+I1), s 3.4 4.1 3.3 4.2
Green Ext Time (p_c), s 1.2 0.4 0.2 1.1

Intersection Summary
HCM 2010 Ctrl Delay 8.5
HCM 2010 LOS A



Queues Base + A AM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Lane Group EBL EBT WBL WBT NBT SBL SBT
Lane Group Flow (vph) 8 19 20 32 144 108 147
v/c Ratio 0.02 0.05 0.05 0.09 0.32 0.23 0.20
Control Delay 26.4 26.1 25.2 13.0 23.7 13.7 13.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 26.4 26.1 25.2 13.0 23.7 13.7 13.0
Queue Length 50th (ft) 3 7 7 2 49 29 39
Queue Length 95th (ft) 15 25 25 24 101 58 74
Internal Link Dist (ft) 598 847 888 606
Turn Bay Length (ft) 100 150 100
Base Capacity (vph) 474 496 949 824 1039 611 1468
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.02 0.04 0.02 0.04 0.14 0.18 0.10

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + A AM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 7 17 1 18 5 25 0 99 33 99 124 11
Number 5 2 12 1 6 16 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 176.6 190.0 190.0 175.1 190.0 182.7 171.1 190.0
Adj Flow Rate, veh/h 8 18 1 20 5 27 0 108 36 108 135 12
Adj No. of Lanes 1 1 0 1 1 0 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 0 0 7 7 4 12 12
Cap, veh/h 312 308 17 222 29 159 113 296 99 474 655 58
Arrive On Green 0.17 0.17 0.17 0.12 0.12 0.12 0.00 0.24 0.24 0.09 0.42 0.42
Sat Flow, veh/h 1810 1783 99 1810 240 1297 1260 1258 419 1740 1549 138
Grp Volume(v), veh/h 8 0 19 20 0 32 0 0 144 108 0 147
Grp Sat Flow(s),veh/h/ln 1810 0 1883 1810 0 1537 1260 0 1677 1740 0 1687
Q Serve(g_s), s 0.2 0.0 0.5 0.6 0.0 1.2 0.0 0.0 4.6 2.7 0.0 3.5
Cycle Q Clear(g_c), s 0.2 0.0 0.5 0.6 0.0 1.2 0.0 0.0 4.6 2.7 0.0 3.5
Prop In Lane 1.00 0.05 1.00 0.84 1.00 0.25 1.00 0.08
Lane Grp Cap(c), veh/h 312 0 325 222 0 189 113 0 394 474 0 713
V/C Ratio(X) 0.03 0.00 0.06 0.09 0.00 0.17 0.00 0.00 0.37 0.23 0.00 0.21
Avail Cap(c_a), veh/h 425 0 443 851 0 723 508 0 920 720 0 1481
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.9 0.0 22.1 24.8 0.0 25.1 0.0 0.0 20.4 14.3 0.0 11.6
Incr Delay (d2), s/veh 0.0 0.0 0.1 0.2 0.0 0.6 0.0 0.0 0.8 0.2 0.0 0.2
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.3 0.3 0.0 0.5 0.0 0.0 2.2 1.3 0.0 1.7
LnGrp Delay(d),s/veh 22.0 0.0 22.2 25.1 0.0 25.7 0.0 0.0 21.2 14.5 0.0 11.8
LnGrp LOS C C C C C B B
Approach Vol, veh/h 27 52 144 255
Approach Delay, s/veh 22.1 25.4 21.2 13.0
Approach LOS C C C B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 17.0 12.0 21.0 13.8 33.0
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 15.0 15.0 35.0 30.0 56.0
Max Q Clear Time (g_c+I1), s 2.5 4.7 6.6 3.2 5.5
Green Ext Time (p_c), s 0.1 0.1 2.6 0.3 2.9

Intersection Summary
HCM 2010 Ctrl Delay 17.3
HCM 2010 LOS B



HCM 2010 TWSC Base + A AM
13: Dearing Ave & Darvills Rd 10/1/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
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Intersection
Int Delay, s/veh 1.2
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 20 11 2 52 5 7
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - 100 247 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 22 12 2 57 5 8
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 22 0 83 22
          Stage 1 - - - - 22 -
          Stage 2 - - - - 61 -
Critical Hdwy - - 4.12 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.218 - 3.518 3.318
Pot Cap-1 Maneuver - - 1593 - 919 1055
          Stage 1 - - - - 1001 -
          Stage 2 - - - - 962 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1593 - 918 1055
Mov Cap-2 Maneuver - - - - 918 -
          Stage 1 - - - - 1001 -
          Stage 2 - - - - 961 -
 

Approach EB WB NB
HCM Control Delay, s 0 0.3 8.7
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 993 - - 1593 -
HCM Lane V/C Ratio 0.013 - - 0.001 -
HCM Control Delay (s) 8.7 - - 7.3 -
HCM Lane LOS A - - A -
HCM 95th %tile Q(veh) 0 - - 0 -

HCM 2010 TWSC Base + A AM
14: Dearing St & West 10th St 10/1/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh 0
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 0 168 54 0 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 0 183 59 0 0 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 117 0 0 0 - 0
          Stage 1 0 - - - - -
          Stage 2 117 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 879 - - - - -
          Stage 1 - - - - - -
          Stage 2 908 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 879 - - - - -
Mov Cap-2 Maneuver 879 - - - - -
          Stage 1 - - - - - -
          Stage 2 908 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 0 0
HCM LOS -
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) - - - - -
HCM Lane V/C Ratio - - - - -
HCM Control Delay (s) - - - - -
HCM Lane LOS - - - - -
HCM 95th %tile Q(veh) - - - - -



HCM 2010 TWSC Base + A AM
15: Business Driveway & Dearing Ave 10/1/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
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Intersection
Int Delay, s/veh 2.5
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 8 0 0 2 4 14
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 9 0 0 2 4 15
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 14 12 20 0 - 0
          Stage 1 12 - - - - -
          Stage 2 2 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1005 1069 1596 - - -
          Stage 1 1011 - - - - -
          Stage 2 1021 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1005 1069 1596 - - -
Mov Cap-2 Maneuver 1005 - - - - -
          Stage 1 1011 - - - - -
          Stage 2 1021 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.6 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1596 - 1005 - -
HCM Lane V/C Ratio - - 0.009 - -
HCM Control Delay (s) 0 - 8.6 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0 - -

HCM 2010 TWSC Base + A AM
17: Dearing Ave & South Loop Rd 10/1/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 7.1
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 64 5 0 16 1 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 70 5 0 17 1 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 18 1 1 0 - 0
          Stage 1 1 - - - - -
          Stage 2 17 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1000 1084 1622 - - -
          Stage 1 1022 - - - - -
          Stage 2 1006 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1000 1084 1622 - - -
Mov Cap-2 Maneuver 1000 - - - - -
          Stage 1 1022 - - - - -
          Stage 2 1006 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.9 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1622 - 1006 - -
HCM Lane V/C Ratio - - 0.075 - -
HCM Control Delay (s) 0 - 8.9 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0.2 - -



HCM 2010 TWSC Base + A AM
18: Dearing Ave & Driveway/Foley Rd 10/1/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh 0.2
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 0 1 0 0 0 0 69 11
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2 2 2 2
Mvmt Flow 1 0 1 0 0 0 0 75 12
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 84 90 3 84 86 81 5 0 0
          Stage 1 3 3 - 81 81 - - - -
          Stage 2 81 87 - 3 5 - - - -
Critical Hdwy 7.12 6.52 6.22 7.12 6.52 6.22 4.12 - -
Critical Hdwy Stg 1 6.12 5.52 - 6.12 5.52 - - - -
Critical Hdwy Stg 2 6.12 5.52 - 6.12 5.52 - - - -
Follow-up Hdwy 3.518 4.018 3.318 3.518 4.018 3.318 2.218 - -
Pot Cap-1 Maneuver 903 800 1081 903 804 979 1616 - -
          Stage 1 1020 893 - 927 828 - - - -
          Stage 2 927 823 - 1020 892 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 903 800 1081 902 804 979 1616 - -
Mov Cap-2 Maneuver 903 800 - 902 804 - - - -
          Stage 1 1020 893 - 927 828 - - - -
          Stage 2 927 823 - 1019 892 - - - -
 

Approach EB WB NB
HCM Control Delay, s 8.7 0 0
HCM LOS A A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1616 - - 984 - 1509 - -
HCM Lane V/C Ratio - - - 0.002 - - - -
HCM Control Delay (s) 0 - - 8.7 0 0 - -
HCM Lane LOS A - - A A A - -
HCM 95th %tile Q(veh) 0 - - 0 - 0 - -

HCM 2010 TWSC Base + A AM
18: Dearing Ave & Driveway/Foley Rd 10/1/2014

FASTC 2018 Base + A AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 5
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 2 2
Mvmt Flow 0 0 5
 

Major/Minor Major2
Conflicting Flow All 87 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.12 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.218 - -
Pot Cap-1 Maneuver 1509 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1509 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A PM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 10.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 7 113 18 207 170 6 48 35 354
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length 125 - 50 100 - 100 - - -
Veh in Median Storage, # - 0 - - 0 - - 2 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 96 96 96 93 93 93
Heavy Vehicles, % 0 18 31 11 20 0 8 3 5
Mvmt Flow 8 123 20 216 177 6 52 38 381
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 177 0 0 123 0 0 669 746 61
          Stage 1 - - - - - - 138 138 -
          Stage 2 - - - - - - 531 608 -
Critical Hdwy 4.1 - - 4.32 - - 7.66 6.56 7
Critical Hdwy Stg 1 - - - - - - 6.66 5.56 -
Critical Hdwy Stg 2 - - - - - - 6.66 5.56 -
Follow-up Hdwy 2.2 - - 2.31 - - 3.58 4.03 3.35
Pot Cap-1 Maneuver 1411 - - 1398 - - 332 338 982
          Stage 1 - - - - - - 834 779 -
          Stage 2 - - - - - - 485 482 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1411 - - 1398 - - 275 284 982
Mov Cap-2 Maneuver - - - - - - 353 375 -
          Stage 1 - - - - - - 829 775 -
          Stage 2 - - - - - - 383 408 -
 

Approach EB WB NB
HCM Control Delay, s 0.4 4.3 17.9
HCM LOS C
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 741 1411 - - 1398 - - 425
HCM Lane V/C Ratio 0.634 0.005 - - 0.154 - - 0.079
HCM Control Delay (s) 17.9 7.6 - - 8 - - 14.2
HCM Lane LOS C A - - A - - B
HCM 95th %tile Q(veh) 4.6 0 - - 0.5 - - 0.3

HCM 2010 TWSC Base + A PM
1: Cox Rd/Yellowbird Rd & US 460 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 2 21 8
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 2 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 5 13
Mvmt Flow 2 23 9
 

Major/Minor Minor2
Conflicting Flow All 703 746 89
          Stage 1 608 608 -
          Stage 2 95 138 -
Critical Hdwy 7.5 6.6 7.16
Critical Hdwy Stg 1 6.5 5.6 -
Critical Hdwy Stg 2 6.5 5.6 -
Follow-up Hdwy 3.5 4.05 3.43
Pot Cap-1 Maneuver 328 335 917
          Stage 1 454 477 -
          Stage 2 907 774 -
Platoon blocked, %
Mov Cap-1 Maneuver 163 282 917
Mov Cap-2 Maneuver 273 369 -
          Stage 1 451 403 -
          Stage 2 525 770 -
 

Approach SB
HCM Control Delay, s 14.2
HCM LOS B
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A PM
2: Military Rd & Cox Rd 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 5.7
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 157 2 82 165 1 279
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 7 0 28 7 0 5
Mvmt Flow 171 2 89 179 1 303
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 173 0 530 172
          Stage 1 - - - - 172 -
          Stage 2 - - - - 358 -
Critical Hdwy - - 4.38 - 6.4 6.25
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy - - 2.452 - 3.5 3.345
Pot Cap-1 Maneuver - - 1261 - 513 864
          Stage 1 - - - - 863 -
          Stage 2 - - - - 712 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1261 - 473 864
Mov Cap-2 Maneuver - - - - 473 -
          Stage 1 - - - - 863 -
          Stage 2 - - - - 656 -
 

Approach EB WB NB
HCM Control Delay, s 0 2.7 11.5
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 861 - - 1261 -
HCM Lane V/C Ratio 0.353 - - 0.071 -
HCM Control Delay (s) 11.5 - - 8.1 0
HCM Lane LOS B - - A A
HCM 95th %tile Q(veh) 1.6 - - 0.2 -

HCM 2010 TWSC Base + A PM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 9.4
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 9 44 13 10 58 14 60 257 21
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - 50 - - - 150 - 25
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 5 20 23 15 25 2 5 1
Mvmt Flow 10 48 14 11 63 15 65 279 23
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 78 0 0 48 0 0 198 167 48
          Stage 1 - - - - - - 67 67 -
          Stage 2 - - - - - - 131 100 -
Critical Hdwy 4.1 - - 4.33 - - 7.12 6.55 6.21
Critical Hdwy Stg 1 - - - - - - 6.12 5.55 -
Critical Hdwy Stg 2 - - - - - - 6.12 5.55 -
Follow-up Hdwy 2.2 - - 2.407 - - 3.518 4.045 3.309
Pot Cap-1 Maneuver 1533 - - 1435 - - 761 720 1024
          Stage 1 - - - - - - 943 833 -
          Stage 2 - - - - - - 873 806 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1533 - - 1435 - - 689 709 1024
Mov Cap-2 Maneuver - - - - - - 689 709 -
          Stage 1 - - - - - - 936 827 -
          Stage 2 - - - - - - 783 800 -
 

Approach EB WB NB
HCM Control Delay, s 1 0.9 12.6
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 NBLn2 NBLn3 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 689 709 1024 1533 - - 1435 - - 635
HCM Lane V/C Ratio 0.095 0.394 0.022 0.006 - - 0.008 - - 0.14
HCM Control Delay (s) 10.8 13.3 8.6 7.4 0 - 7.5 0 - 11.6
HCM Lane LOS B B A A A - A A - B
HCM 95th %tile Q(veh) 0.3 1.9 0.1 0 - - 0 - - 0.5



HCM 2010 TWSC Base + A PM
3: Military Rd & Darvills Rd 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 11 61 10
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 64 24 0
Mvmt Flow 12 66 11
 

Major/Minor Minor2
Conflicting Flow All 299 159 71
          Stage 1 92 92 -
          Stage 2 207 67 -
Critical Hdwy 7.74 6.74 6.2
Critical Hdwy Stg 1 6.74 5.74 -
Critical Hdwy Stg 2 6.74 5.74 -
Follow-up Hdwy 4.076 4.216 3.3
Pot Cap-1 Maneuver 547 695 997
          Stage 1 783 778 -
          Stage 2 672 798 -
Platoon blocked, %
Mov Cap-1 Maneuver 367 685 997
Mov Cap-2 Maneuver 367 685 -
          Stage 1 778 772 -
          Stage 2 432 792 -
 

Approach SB
HCM Control Delay, s 11.6
HCM LOS B
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base + A PM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh 7.9
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 3 0 1 70 0 206 0 85 8
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 0 0 2 0 3 0 4 0
Mvmt Flow 3 0 1 76 0 224 0 92 9
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 420 312 48 308 308 97 48 0 0
          Stage 1 211 211 - 97 97 - - - -
          Stage 2 209 101 - 211 211 - - - -
Critical Hdwy 7.1 6.5 6.2 7.12 6.5 6.23 4.1 - -
Critical Hdwy Stg 1 6.1 5.5 - 6.12 5.5 - - - -
Critical Hdwy Stg 2 6.1 5.5 - 6.12 5.5 - - - -
Follow-up Hdwy 3.5 4 3.3 3.518 4 3.327 2.2 - -
Pot Cap-1 Maneuver 547 606 1027 644 609 956 1572 - -
          Stage 1 796 731 - 910 819 - - - -
          Stage 2 798 815 - 791 731 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 399 569 1027 613 572 956 1572 - -
Mov Cap-2 Maneuver 399 569 - 613 572 - - - -
          Stage 1 796 686 - 910 819 - - - -
          Stage 2 611 815 - 742 686 - - - -
 

Approach EB WB NB
HCM Control Delay, s 12.7 11.7 0
HCM LOS B B
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1572 - - 471 837 1381 - -
HCM Lane V/C Ratio - - - 0.009 0.358 0.059 - -
HCM Control Delay (s) 0 - - 12.7 11.7 7.8 0 -
HCM Lane LOS A - - B B A A -
HCM 95th %tile Q(veh) 0 - - 0 1.6 0.2 - -



HCM 2010 TWSC Base + A PM
4: Military Rd & Gravel Road/W 10th St 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 7

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 75 44 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 21 14 0
Mvmt Flow 82 48 0
 

Major/Minor Major2
Conflicting Flow All 101 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.31 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.389 - -
Pot Cap-1 Maneuver 1381 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1381 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 4.9
HCM LOS
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base + A PM
5: Military Rd & W Entrance Rd 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 8

Intersection
Int Delay, s/veh 2.7
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 13 25 56 80 30 85
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 6 2 4 15 0
Mvmt Flow 14 27 61 87 33 92
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 288 79 125 0 - 0
          Stage 1 79 - - - - -
          Stage 2 209 - - - - -
Critical Hdwy 6.4 6.26 4.12 - - -
Critical Hdwy Stg 1 5.4 - - - - -
Critical Hdwy Stg 2 5.4 - - - - -
Follow-up Hdwy 3.5 3.354 2.218 - - -
Pot Cap-1 Maneuver 707 970 1462 - - -
          Stage 1 949 - - - - -
          Stage 2 831 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 676 970 1462 - - -
Mov Cap-2 Maneuver 676 - - - - -
          Stage 1 949 - - - - -
          Stage 2 794 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.5 3.1 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1462 - 844 - -
HCM Lane V/C Ratio 0.042 - 0.049 - -
HCM Control Delay (s) 7.6 0 9.5 - -
HCM Lane LOS A A A - -
HCM 95th %tile Q(veh) 0.1 - 0.2 - -



HCM 2010 TWSC Base + A PM
6: Garnett Ave & Military Rd 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 9

Intersection
Int Delay, s/veh 2.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 35 7 1 92 1 29 1 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 27 19 0 0 4 0 4 0 0
Mvmt Flow 1 38 8 1 100 1 32 1 1
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 101 0 0 46 0 0 150 147 42
          Stage 1 - - - - - - 44 44 -
          Stage 2 - - - - - - 106 103 -
Critical Hdwy 4.37 - - 4.1 - - 7.14 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.14 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.14 5.5 -
Follow-up Hdwy 2.443 - - 2.2 - - 3.536 4 3.3
Pot Cap-1 Maneuver 1349 - - 1575 - - 813 748 1034
          Stage 1 - - - - - - 965 862 -
          Stage 2 - - - - - - 895 814 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1349 - - 1575 - - 806 747 1034
Mov Cap-2 Maneuver - - - - - - 806 747 -
          Stage 1 - - - - - - 964 861 -
          Stage 2 - - - - - - 888 813 -
 

Approach EB WB NB
HCM Control Delay, s 0.2 0.1 9.6
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 810 1349 - - 1575 - - 865
HCM Lane V/C Ratio 0.042 0.001 - - 0.001 - - 0.008
HCM Control Delay (s) 9.6 7.7 0 - 7.3 0 - 9.2
HCM Lane LOS A A A - A A - A
HCM 95th %tile Q(veh) 0.1 0 - - 0 - - 0

HCM 2010 TWSC Base + A PM
6: Garnett Ave & Military Rd 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 10

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 2 4
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 6
Mvmt Flow 0 2 4
 

Major/Minor Minor2
Conflicting Flow All 148 151 101
          Stage 1 103 103 -
          Stage 2 45 48 -
Critical Hdwy 7.1 6.5 6.26
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.354
Pot Cap-1 Maneuver 825 744 943
          Stage 1 908 814 -
          Stage 2 974 859 -
Platoon blocked, %
Mov Cap-1 Maneuver 822 743 943
Mov Cap-2 Maneuver 822 743 -
          Stage 1 907 813 -
          Stage 2 971 858 -
 

Approach SB
HCM Control Delay, s 9.2
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A PM
7: Armistead Ave & Military Rd 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 11

Intersection
Int Delay, s/veh 1.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 31 3 0 80 0 14 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 27 18 0 0 4 0 1 0 0
Mvmt Flow 1 34 3 0 87 0 15 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 87 0 0 37 0 0 126 125 35
          Stage 1 - - - - - - 38 38 -
          Stage 2 - - - - - - 88 87 -
Critical Hdwy 4.37 - - 4.1 - - 7.11 6.5 6.2
Critical Hdwy Stg 1 - - - - - - 6.11 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.11 5.5 -
Follow-up Hdwy 2.443 - - 2.2 - - 3.509 4 3.3
Pot Cap-1 Maneuver 1365 - - 1587 - - 850 769 1044
          Stage 1 - - - - - - 980 867 -
          Stage 2 - - - - - - 922 827 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1365 - - 1587 - - 848 768 1044
Mov Cap-2 Maneuver - - - - - - 848 768 -
          Stage 1 - - - - - - 979 866 -
          Stage 2 - - - - - - 921 827 -
 

Approach EB WB NB
HCM Control Delay, s 0.2 0 9.3
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 848 1365 - - 1587 - - 961
HCM Lane V/C Ratio 0.018 0.001 - - - - - 0.001
HCM Control Delay (s) 9.3 7.6 0 - 0 - - 8.8
HCM Lane LOS A A A - A - - A
HCM 95th %tile Q(veh) 0.1 0 - - 0 - - 0

HCM 2010 TWSC Base + A PM
7: Armistead Ave & Military Rd 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 12

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 1
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 0 6
Mvmt Flow 0 0 1
 

Major/Minor Minor2
Conflicting Flow All 125 126 87
          Stage 1 87 87 -
          Stage 2 38 39 -
Critical Hdwy 7.1 6.5 6.26
Critical Hdwy Stg 1 6.1 5.5 -
Critical Hdwy Stg 2 6.1 5.5 -
Follow-up Hdwy 3.5 4 3.354
Pot Cap-1 Maneuver 854 768 961
          Stage 1 926 827 -
          Stage 2 982 866 -
Platoon blocked, %
Mov Cap-1 Maneuver 853 767 961
Mov Cap-2 Maneuver 853 767 -
          Stage 1 925 827 -
          Stage 2 981 865 -
 

Approach SB
HCM Control Delay, s 8.8
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A PM
8: Dearing Ave & Military Rd/FASTC Main Campus 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 13

Intersection
Int Delay, s/veh 0.3
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 6 0 1 0 0 0 1 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 27 0 0 6 6 0 0 0
Mvmt Flow 7 0 1 0 0 0 1 0 0
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 11 11 9 12 19 0 17 0 0
          Stage 1 9 9 - 2 2 - - - -
          Stage 2 2 2 - 10 17 - - - -
Critical Hdwy 7.1 6.77 6.2 7.1 6.56 6.26 4.1 - -
Critical Hdwy Stg 1 6.1 5.77 - 6.1 5.56 - - - -
Critical Hdwy Stg 2 6.1 5.77 - 6.1 5.56 - - - -
Follow-up Hdwy 3.5 4.243 3.3 3.5 4.054 3.354 2.2 - -
Pot Cap-1 Maneuver 1012 836 1079 1010 867 - 1613 - -
          Stage 1 1017 841 - 1026 886 - - - -
          Stage 2 1026 847 - 1016 873 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver - 835 1079 1008 866 - 1613 - -
Mov Cap-2 Maneuver - 835 - 1008 866 - - - -
          Stage 1 1016 841 - 1025 885 - - - -
          Stage 2 1025 846 - 1015 873 - - - -
 

Approach EB WB NB
HCM Control Delay, s 0 7.2
HCM LOS - A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1613 - - - - - - -
HCM Lane V/C Ratio 0.001 - - - - - - -
HCM Control Delay (s) 7.2 0 - - 0 0 - -
HCM Lane LOS A A - - A A - -
HCM 95th %tile Q(veh) 0 - - - - - - -

HCM 2010 TWSC Base + A PM
8: Dearing Ave & Military Rd/FASTC Main Campus 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 14

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 1 15
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 27 0 0
Mvmt Flow 0 1 16
 

Major/Minor Major2
Conflicting Flow All 0 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.37 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.443 - -
Pot Cap-1 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver - - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + A PM
9: W 10th St & Warehouse St 10/1/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 15

Intersection
Int Delay, s/veh 0.1
 

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 1 79 236 2 1 3
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 18 2 5 23 0
Mvmt Flow 1 86 257 2 1 3
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 259 0 - 0 346 258
          Stage 1 - - - - 258 -
          Stage 2 - - - - 88 -
Critical Hdwy 4.1 - - - 6.63 6.2
Critical Hdwy Stg 1 - - - - 5.63 -
Critical Hdwy Stg 2 - - - - 5.63 -
Follow-up Hdwy 2.2 - - - 3.707 3.3
Pot Cap-1 Maneuver 1317 - - - 610 786
          Stage 1 - - - - 739 -
          Stage 2 - - - - 885 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1317 - - - 609 786
Mov Cap-2 Maneuver - - - - 609 -
          Stage 1 - - - - 739 -
          Stage 2 - - - - 884 -
 

Approach EB WB SB
HCM Control Delay, s 0.1 0 9.9
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1317 - - - 733
HCM Lane V/C Ratio 0.001 - - - 0.006
HCM Control Delay (s) 7.7 0 - - 9.9
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queues Base + A PM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBT EBR WBT WBR NBL NBT SBL SBT
Lane Group Flow (vph) 10 16 172 102 4 525 58 431
v/c Ratio 0.07 0.06 0.55 0.18 0.01 0.78 0.21 0.47
Control Delay 43.7 0.5 40.8 6.0 17.5 31.7 11.7 14.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 43.7 0.5 40.8 6.0 17.5 31.7 11.7 14.4
Queue Length 50th (ft) 5 0 79 0 1 223 13 123
Queue Length 95th (ft) 24 0 174 36 8 406 36 231
Internal Link Dist (ft) 750 1085 929 1030
Turn Bay Length (ft) 50 225 75 175
Base Capacity (vph) 229 343 601 632 593 1083 334 1414
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.05 0.29 0.16 0.01 0.48 0.17 0.30

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + A PM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base + A PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 8 15 137 21 94 4 384 99 55 404 6
Number 1 6 16 5 2 12 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 170.1 190.0 190.0 185.5 171.2 190.0 182.7 190.0 166.7 182.8 190.0
Adj Flow Rate, veh/h 1 9 16 149 23 102 4 417 108 58 425 6
Adj No. of Lanes 0 1 1 0 1 1 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.95
Percent Heavy Veh, % 13 13 0 5 5 11 0 4 4 14 4 4
Cap, veh/h 12 110 117 214 33 273 476 550 143 287 950 13
Arrive On Green 0.07 0.07 0.07 0.14 0.14 0.14 0.39 0.39 0.39 0.05 0.53 0.53
Sat Flow, veh/h 169 1523 1615 1541 238 1455 972 1400 363 1587 1798 25
Grp Volume(v), veh/h 10 0 16 172 0 102 4 0 525 58 0 431
Grp Sat Flow(s),veh/h/ln 1693 0 1615 1778 0 1455 972 0 1763 1587 0 1823
Q Serve(g_s), s 0.4 0.0 0.6 6.4 0.0 4.2 0.2 0.0 17.8 1.4 0.0 10.1
Cycle Q Clear(g_c), s 0.4 0.0 0.6 6.4 0.0 4.2 0.9 0.0 17.8 1.4 0.0 10.1
Prop In Lane 0.10 1.00 0.87 1.00 1.00 0.21 1.00 0.01
Lane Grp Cap(c), veh/h 122 0 117 247 0 273 476 0 693 287 0 963
V/C Ratio(X) 0.08 0.00 0.14 0.70 0.00 0.37 0.01 0.00 0.76 0.20 0.00 0.45
Avail Cap(c_a), veh/h 245 0 234 643 0 597 727 0 1148 440 0 1610
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 29.9 0.0 30.0 28.4 0.0 24.5 13.2 0.0 18.1 13.1 0.0 10.1
Incr Delay (d2), s/veh 0.3 0.0 0.5 3.5 0.0 0.9 0.0 0.0 1.7 0.3 0.0 0.3
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.2 0.0 0.3 3.3 0.0 1.8 0.0 0.0 8.9 0.6 0.0 5.1
LnGrp Delay(d),s/veh 30.2 0.0 30.6 31.9 0.0 25.4 13.2 0.0 19.9 13.5 0.0 10.4
LnGrp LOS C C C C B B B B
Approach Vol, veh/h 26 274 529 489
Approach Delay, s/veh 30.4 29.5 19.8 10.8
Approach LOS C C B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 15.6 9.4 33.2 11.0 42.5
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 25.0 10.0 45.0 10.0 61.0
Max Q Clear Time (g_c+I1), s 8.4 3.4 19.8 2.6 12.1
Green Ext Time (p_c), s 1.2 0.0 7.4 0.0 8.4

Intersection Summary
HCM 2010 Ctrl Delay 18.7
HCM 2010 LOS B



Queues Base + A PM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 47 230 239 254 278 58
v/c Ratio 0.15 0.33 0.29 0.17 0.54 0.11
Control Delay 21.1 2.9 4.0 3.1 19.3 5.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 21.1 2.9 4.0 3.1 19.3 5.9
Queue Length 50th (ft) 8 0 0 0 44 0
Queue Length 95th (ft) 42 29 56 59 152 22
Internal Link Dist (ft) 1078 751 648
Turn Bay Length (ft) 150 225 150
Base Capacity (vph) 1054 837 922 1719 1450 1413
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.27 0.26 0.15 0.19 0.04

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + A PM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 43 212 220 234 256 53
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 171.2 172.7 179.2 172.7 166.7 190.0
Adj Flow Rate, veh/h 47 230 239 254 278 58
Adj No. of Lanes 1 1 1 1 1 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 11 10 6 10 14 0
Cap, veh/h 308 483 510 919 421 408
Arrive On Green 0.19 0.19 0.14 0.53 0.25 0.25
Sat Flow, veh/h 1630 1468 1707 1727 1667 1615
Grp Volume(v), veh/h 47 230 239 254 278 58
Grp Sat Flow(s),veh/h/ln 1630 1468 1707 1727 1667 1615
Q Serve(g_s), s 1.0 5.4 3.9 3.5 6.4 1.2
Cycle Q Clear(g_c), s 1.0 5.4 3.9 3.5 6.4 1.2
Prop In Lane 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 308 483 510 919 421 408
V/C Ratio(X) 0.15 0.48 0.47 0.28 0.66 0.14
Avail Cap(c_a), veh/h 947 1058 865 2447 1548 1500
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 14.6 11.5 9.0 5.5 14.4 12.5
Incr Delay (d2), s/veh 0.3 0.9 0.7 0.1 0.7 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.5 4.7 1.9 1.6 3.0 0.5
LnGrp Delay(d),s/veh 14.8 12.4 9.6 5.6 15.1 12.5
LnGrp LOS B B A A B B
Approach Vol, veh/h 277 493 336
Approach Delay, s/veh 12.8 7.5 14.7
Approach LOS B A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 28.9 14.1 12.0 16.9
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 61.0 25.0 15.0 40.0
Max Q Clear Time (g_c+I1), s 5.5 7.4 5.9 8.4
Green Ext Time (p_c), s 2.5 1.1 0.5 2.4

Intersection Summary
HCM 2010 Ctrl Delay 11.0
HCM 2010 LOS B



Queues Base + A PM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 22 31 50 105 8 268 25 296
v/c Ratio 0.08 0.11 0.17 0.32 0.02 0.47 0.06 0.43
Control Delay 27.4 22.8 25.9 14.2 17.4 20.3 10.7 14.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.4 22.8 25.9 14.2 17.4 20.3 10.7 14.3
Queue Length 50th (ft) 6 6 12 7 2 58 5 67
Queue Length 95th (ft) 30 33 50 54 12 167 18 136
Internal Link Dist (ft) 598 847 888 606
Turn Bay Length (ft) 100 150 100 100
Base Capacity (vph) 541 551 1082 986 759 1180 602 1552
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.06 0.05 0.11 0.01 0.23 0.04 0.19

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + A PM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 20 8 46 28 69 7 198 49 23 251 21
Number 5 2 12 1 6 16 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 178.5 190.0 190.0 175.6 190.0 182.7 171.1 190.0
Adj Flow Rate, veh/h 22 22 9 50 30 75 8 215 53 25 273 23
Adj No. of Lanes 1 1 0 1 1 0 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 0 0 7 7 4 12 12
Cap, veh/h 173 122 50 216 54 135 452 390 96 374 687 58
Arrive On Green 0.10 0.10 0.10 0.12 0.12 0.12 0.29 0.29 0.29 0.04 0.44 0.44
Sat Flow, veh/h 1810 1283 525 1810 453 1132 1100 1361 336 1740 1556 131
Grp Volume(v), veh/h 22 0 31 50 0 105 8 0 268 25 0 296
Grp Sat Flow(s),veh/h/ln 1810 0 1807 1810 0 1585 1100 0 1697 1740 0 1688
Q Serve(g_s), s 0.6 0.0 0.8 1.3 0.0 3.3 0.3 0.0 7.0 0.5 0.0 6.2
Cycle Q Clear(g_c), s 0.6 0.0 0.8 1.3 0.0 3.3 0.3 0.0 7.0 0.5 0.0 6.2
Prop In Lane 1.00 0.29 1.00 0.71 1.00 0.20 1.00 0.08
Lane Grp Cap(c), veh/h 173 0 172 216 0 190 452 0 486 374 0 745
V/C Ratio(X) 0.13 0.00 0.18 0.23 0.00 0.55 0.02 0.00 0.55 0.07 0.00 0.40
Avail Cap(c_a), veh/h 518 0 517 1036 0 908 872 0 1133 801 0 1803
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.7 0.0 21.8 20.9 0.0 21.7 13.4 0.0 15.9 11.5 0.0 9.9
Incr Delay (d2), s/veh 0.5 0.0 0.7 0.8 0.0 3.6 0.0 0.0 1.4 0.1 0.0 0.5
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.3 0.0 0.4 0.7 0.0 1.6 0.1 0.0 3.5 0.2 0.0 3.0
LnGrp Delay(d),s/veh 22.2 0.0 22.5 21.7 0.0 25.3 13.5 0.0 17.2 11.6 0.0 10.4
LnGrp LOS C C C C B B B B
Approach Vol, veh/h 53 155 276 321
Approach Delay, s/veh 22.4 24.1 17.1 10.5
Approach LOS C C B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 11.0 8.1 21.0 12.3 29.1
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 15.0 15.0 35.0 30.0 56.0
Max Q Clear Time (g_c+I1), s 2.8 2.5 9.0 5.3 8.2
Green Ext Time (p_c), s 0.1 0.0 5.5 1.1 6.3

Intersection Summary
HCM 2010 Ctrl Delay 16.2
HCM 2010 LOS B



HCM 2010 TWSC Base + A PM
13: Dearing Ave & Darvills Rd 10/1/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 1.8
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 57 8 5 45 20 4
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - 100 247 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 62 9 5 49 22 4
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 62 0 122 62
          Stage 1 - - - - 62 -
          Stage 2 - - - - 60 -
Critical Hdwy - - 4.12 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.218 - 3.518 3.318
Pot Cap-1 Maneuver - - 1541 - 873 1003
          Stage 1 - - - - 961 -
          Stage 2 - - - - 963 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1541 - 870 1003
Mov Cap-2 Maneuver - - - - 870 -
          Stage 1 - - - - 961 -
          Stage 2 - - - - 960 -
 

Approach EB WB NB
HCM Control Delay, s 0 0.7 9.2
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 890 - - 1541 -
HCM Lane V/C Ratio 0.029 - - 0.004 -
HCM Control Delay (s) 9.2 - - 7.3 -
HCM Lane LOS A - - A -
HCM 95th %tile Q(veh) 0.1 - - 0 -

HCM 2010 TWSC Base + A PM
14: Dearing Ave & West 10th St 10/1/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh 0
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 1 62 153 0 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1 67 166 0 0 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 333 0 0 0 - 0
          Stage 1 0 - - - - -
          Stage 2 333 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 662 - - - - -
          Stage 1 - - - - - -
          Stage 2 726 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 662 - - - - -
Mov Cap-2 Maneuver 662 - - - - -
          Stage 1 - - - - - -
          Stage 2 726 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 0 0
HCM LOS -
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) - - - - -
HCM Lane V/C Ratio - - - - -
HCM Control Delay (s) - - - - -
HCM Lane LOS - - - - -
HCM 95th %tile Q(veh) - - - - -



HCM 2010 TWSC Base + A PM
15: Business Driveway & Dearing Ave 10/1/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 4.7
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 21 0 0 4 3 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 23 0 0 4 3 12
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 13 9 15 0 - 0
          Stage 1 9 - - - - -
          Stage 2 4 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1006 1073 1603 - - -
          Stage 1 1014 - - - - -
          Stage 2 1019 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1006 1073 1603 - - -
Mov Cap-2 Maneuver 1006 - - - - -
          Stage 1 1014 - - - - -
          Stage 2 1019 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.7 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1603 - 1006 - -
HCM Lane V/C Ratio - - 0.023 - -
HCM Control Delay (s) 0 - 8.7 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0.1 - -

HCM 2010 TWSC Base + A PM
17: Dearing Ave & South Loop Rd 10/1/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 8.9
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 151 15 0 6 1 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 164 16 0 7 1 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 8 1 1 0 - 0
          Stage 1 1 - - - - -
          Stage 2 7 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1013 1084 1622 - - -
          Stage 1 1022 - - - - -
          Stage 2 1016 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1013 1084 1622 - - -
Mov Cap-2 Maneuver 1013 - - - - -
          Stage 1 1022 - - - - -
          Stage 2 1016 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.3 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1622 - 1019 - -
HCM Lane V/C Ratio - - 0.177 - -
HCM Control Delay (s) 0 - 9.3 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0.6 - -



HCM 2010 TWSC Base + A PM
18: Dearing Ave & Driveway/Foley Rd 10/1/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh 0.7
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 2 0 1 0 0 11 0 157 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2 2 2 2
Mvmt Flow 2 0 1 0 0 12 0 171 0
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 179 173 2 173 174 171 3 0 0
          Stage 1 2 2 - 171 171 - - - -
          Stage 2 177 171 - 2 3 - - - -
Critical Hdwy 7.12 6.52 6.22 7.12 6.52 6.22 4.12 - -
Critical Hdwy Stg 1 6.12 5.52 - 6.12 5.52 - - - -
Critical Hdwy Stg 2 6.12 5.52 - 6.12 5.52 - - - -
Follow-up Hdwy 3.518 4.018 3.318 3.518 4.018 3.318 2.218 - -
Pot Cap-1 Maneuver 783 720 1082 790 719 873 1619 - -
          Stage 1 1021 894 - 831 757 - - - -
          Stage 2 825 757 - 1021 893 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 772 720 1082 789 719 873 1619 - -
Mov Cap-2 Maneuver 772 720 - 789 719 - - - -
          Stage 1 1021 894 - 831 757 - - - -
          Stage 2 814 757 - 1020 893 - - - -
 

Approach EB WB NB
HCM Control Delay, s 9.2 9.2 0
HCM LOS A A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1619 - - 854 873 1406 - -
HCM Lane V/C Ratio - - - 0.004 0.014 - - -
HCM Control Delay (s) 0 - - 9.2 9.2 0 - -
HCM Lane LOS A - - A A A - -
HCM 95th %tile Q(veh) 0 - - 0 0 0 - -

HCM 2010 TWSC Base + A PM
18: Dearing Ave & Driveway/Foley Rd 10/1/2014

FASTC 2018 Base + A PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 3
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 2 2
Mvmt Flow 0 0 3
 

Major/Minor Major2
Conflicting Flow All 171 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.12 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.218 - -
Pot Cap-1 Maneuver 1406 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1406 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + B AM
1: Cox Rd/Yellowbird Rd & US 460 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 7.7
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 150 33 386 97 2 17 7 144
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length 125 - 50 100 - 100 - - -
Veh in Median Storage, # - 0 - - 0 - - 2 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 100 13 3 7 25 0 20 0 12
Mvmt Flow 1 163 36 420 105 2 18 8 157
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 105 0 0 163 0 0 1072 1110 82
          Stage 1 - - - - - - 165 165 -
          Stage 2 - - - - - - 907 945 -
Critical Hdwy 6.1 - - 4.24 - - 7.9 6.5 7.14
Critical Hdwy Stg 1 - - - - - - 6.9 5.5 -
Critical Hdwy Stg 2 - - - - - - 6.9 5.5 -
Follow-up Hdwy 3.2 - - 2.27 - - 3.7 4 3.42
Pot Cap-1 Maneuver 986 - - 1377 - - 153 211 930
          Stage 1 - - - - - - 771 766 -
          Stage 2 - - - - - - 263 343 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 986 - - 1377 - - 104 146 930
Mov Cap-2 Maneuver - - - - - - 149 223 -
          Stage 1 - - - - - - 770 765 -
          Stage 2 - - - - - - 158 238 -
 

Approach EB WB NB
HCM Control Delay, s 0 7 14.5
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 559 986 - - 1377 - - 265
HCM Lane V/C Ratio 0.327 0.001 - - 0.305 - - 0.176
HCM Control Delay (s) 14.5 8.7 - - 8.8 - - 21.5
HCM Lane LOS B A - - A - - C
HCM 95th %tile Q(veh) 1.4 0 - - 1.3 - - 0.6

HCM 2010 TWSC Base + B AM
1: Cox Rd/Yellowbird Rd & US 460 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 5 27 11
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 2 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 4 9
Mvmt Flow 5 29 12
 

Major/Minor Minor2
Conflicting Flow All 1033 1110 53
          Stage 1 945 945 -
          Stage 2 88 165 -
Critical Hdwy 7.5 6.58 7.08
Critical Hdwy Stg 1 6.5 5.58 -
Critical Hdwy Stg 2 6.5 5.58 -
Follow-up Hdwy 3.5 4.04 3.39
Pot Cap-1 Maneuver 189 205 981
          Stage 1 285 334 -
          Stage 2 916 756 -
Platoon blocked, %
Mov Cap-1 Maneuver 117 142 981
Mov Cap-2 Maneuver 230 209 -
          Stage 1 285 232 -
          Stage 2 753 755 -
 

Approach SB
HCM Control Delay, s 21.5
HCM LOS C
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + B AM
2: Military Rd & Cox Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 5.9
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 83 2 341 104 1 85
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 6 0 3 13 0 24
Mvmt Flow 90 2 371 113 1 92
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 92 0 945 91
          Stage 1 - - - - 91 -
          Stage 2 - - - - 854 -
Critical Hdwy - - 4.13 - 6.4 6.44
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy - - 2.227 - 3.5 3.516
Pot Cap-1 Maneuver - - 1496 - 293 909
          Stage 1 - - - - 938 -
          Stage 2 - - - - 421 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1496 - 215 909
Mov Cap-2 Maneuver - - - - 215 -
          Stage 1 - - - - 938 -
          Stage 2 - - - - 309 -
 

Approach EB WB NB
HCM Control Delay, s 0 6.3 9.6
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 876 - - 1496 -
HCM Lane V/C Ratio 0.107 - - 0.248 -
HCM Control Delay (s) 9.6 - - 8.2 0
HCM Lane LOS A - - A A
HCM 95th %tile Q(veh) 0.4 - - 1 -

HCM 2010 TWSC Base + B AM
3: Military Rd & Darvills Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 8.5
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 9 41 135 13 19 53 9 23 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - 50 - - - 150 - 25
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 95 95 95 92 92 92
Heavy Vehicles, % 0 18 1 1 11 63 9 21 12
Mvmt Flow 10 45 147 14 20 56 10 25 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 76 0 0 45 0 0 243 167 45
          Stage 1 - - - - - - 64 64 -
          Stage 2 - - - - - - 179 103 -
Critical Hdwy 4.1 - - 4.11 - - 7.19 6.71 6.32
Critical Hdwy Stg 1 - - - - - - 6.19 5.71 -
Critical Hdwy Stg 2 - - - - - - 6.19 5.71 -
Follow-up Hdwy 2.2 - - 2.209 - - 3.581 4.189 3.408
Pot Cap-1 Maneuver 1536 - - 1570 - - 697 693 997
          Stage 1 - - - - - - 930 806 -
          Stage 2 - - - - - - 807 774 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1536 - - 1570 - - 540 682 997
Mov Cap-2 Maneuver - - - - - - 540 682 -
          Stage 1 - - - - - - 923 800 -
          Stage 2 - - - - - - 600 767 -
 

Approach EB WB NB
HCM Control Delay, s 0.4 1.1 10.9
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 NBLn2 NBLn3 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 540 682 - 1536 - - 1570 - - 746
HCM Lane V/C Ratio 0.018 0.037 - 0.006 - - 0.009 - - 0.498
HCM Control Delay (s) 11.8 10.5 0 7.4 0 - 7.3 0 - 14.5
HCM Lane LOS B B A A A - A A - B
HCM 95th %tile Q(veh) 0.1 0.1 - 0 - - 0 - - 2.8



HCM 2010 TWSC Base + B AM
3: Military Rd & Darvills Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 151 186 5
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 18 3 0
Mvmt Flow 164 202 5
 

Major/Minor Minor2
Conflicting Flow All 152 139 48
          Stage 1 75 75 -
          Stage 2 77 64 -
Critical Hdwy 7.28 6.53 6.2
Critical Hdwy Stg 1 6.28 5.53 -
Critical Hdwy Stg 2 6.28 5.53 -
Follow-up Hdwy 3.662 4.027 3.3
Pot Cap-1 Maneuver 780 750 1027
          Stage 1 896 831 -
          Stage 2 894 840 -
Platoon blocked, %
Mov Cap-1 Maneuver 749 738 1027
Mov Cap-2 Maneuver 749 738 -
          Stage 1 890 824 -
          Stage 2 860 834 -
 

Approach SB
HCM Control Delay, s 14.5
HCM LOS B
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base + B AM
4: Military Rd & FASTC Main Campus/W 10th St 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh 2.6
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 0 0 0 11 0 12 0 92 37
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 26 0 26 1 0 29 5 2 6
Mvmt Flow 0 0 0 12 0 13 0 100 40
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 418 431 109 411 411 120 109 0 0
          Stage 1 291 291 - 120 120 - - - -
          Stage 2 127 140 - 291 291 - - - -
Critical Hdwy 7.36 6.5 6.46 7.11 6.5 6.49 4.15 - -
Critical Hdwy Stg 1 6.36 5.5 - 6.11 5.5 - - - -
Critical Hdwy Stg 2 6.36 5.5 - 6.11 5.5 - - - -
Follow-up Hdwy 3.734 4 3.534 3.509 4 3.561 2.245 - -
Pot Cap-1 Maneuver 506 520 883 553 534 864 1463 - -
          Stage 1 668 675 - 887 800 - - - -
          Stage 2 822 785 - 719 675 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 473 485 883 525 498 864 1463 - -
Mov Cap-2 Maneuver 473 485 - 525 498 - - - -
          Stage 1 668 630 - 887 800 - - - -
          Stage 2 810 785 - 671 630 - - - -
 

Approach EB WB NB
HCM Control Delay, s 0 10.7 0
HCM LOS A B
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1463 - - - 660 1437 - -
HCM Lane V/C Ratio - - - - 0.038 0.064 - -
HCM Control Delay (s) 0 - - 0 10.7 7.7 0 -
HCM Lane LOS A - - A B A A -
HCM 95th %tile Q(veh) 0 - - - 0.1 0.2 - -



HCM 2010 TWSC Base + B AM
4: Military Rd & FASTC Main Campus/W 10th St 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 7

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 84 100 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 3 2 5
Mvmt Flow 91 109 0
 

Major/Minor Major2
Conflicting Flow All 140 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.13 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.227 - -
Pot Cap-1 Maneuver 1437 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1437 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 3.5
HCM LOS
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base + B AM
5: Military Rd & W Entrance Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 8

Intersection
Int Delay, s/veh 5.8
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 105 62 10 23 100 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 4 10 2 3
Mvmt Flow 114 67 11 25 109 12
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 162 115 121 0 - 0
          Stage 1 115 - - - - -
          Stage 2 47 - - - - -
Critical Hdwy 6.42 6.22 4.14 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.236 - - -
Pot Cap-1 Maneuver 829 937 1454 - - -
          Stage 1 910 - - - - -
          Stage 2 975 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 822 937 1454 - - -
Mov Cap-2 Maneuver 822 - - - - -
          Stage 1 910 - - - - -
          Stage 2 967 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 10.3 2.3 0
HCM LOS B
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1454 - 861 - -
HCM Lane V/C Ratio 0.007 - 0.211 - -
HCM Control Delay (s) 7.5 0 10.3 - -
HCM Lane LOS A A B - -
HCM 95th %tile Q(veh) 0 - 0.8 - -



HCM 2010 TWSC Base + B AM
6: Garnett Ave & Military Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 9

Intersection
Int Delay, s/veh 1.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 119 21 1 17 0 11 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 2 1 10 0 6 2 18 2 0
Mvmt Flow 1 129 23 1 18 0 12 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 18 0 0 152 0 0 167 164 141
          Stage 1 - - - - - - 143 143 -
          Stage 2 - - - - - - 24 21 -
Critical Hdwy 4.12 - - 4.1 - - 7.28 6.52 6.2
Critical Hdwy Stg 1 - - - - - - 6.28 5.52 -
Critical Hdwy Stg 2 - - - - - - 6.28 5.52 -
Follow-up Hdwy 2.218 - - 2.2 - - 3.662 4.018 3.3
Pot Cap-1 Maneuver 1599 - - 1441 - - 763 729 912
          Stage 1 - - - - - - 823 779 -
          Stage 2 - - - - - - 954 878 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1599 - - 1441 - - 756 728 912
Mov Cap-2 Maneuver - - - - - - 756 728 -
          Stage 1 - - - - - - 822 778 -
          Stage 2 - - - - - - 946 877 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 0.4 9.8
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 756 1599 - - 1441 - - 964
HCM Lane V/C Ratio 0.016 0.001 - - 0.001 - - 0.009
HCM Control Delay (s) 9.8 7.3 0 - 7.5 0 - 8.8
HCM Lane LOS A A A - A A - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Base + B AM
6: Garnett Ave & Military Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 10

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 1 1 6
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 2 2
Mvmt Flow 1 1 7
 

Major/Minor Minor2
Conflicting Flow All 164 175 18
          Stage 1 21 21 -
          Stage 2 143 154 -
Critical Hdwy 7.12 6.52 6.22
Critical Hdwy Stg 1 6.12 5.52 -
Critical Hdwy Stg 2 6.12 5.52 -
Follow-up Hdwy 3.518 4.018 3.318
Pot Cap-1 Maneuver 801 718 1061
          Stage 1 998 878 -
          Stage 2 860 770 -
Platoon blocked, %
Mov Cap-1 Maneuver 800 717 1061
Mov Cap-2 Maneuver 800 717 -
          Stage 1 997 877 -
          Stage 2 859 769 -
 

Approach SB
HCM Control Delay, s 8.8
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + B AM
7: Armistead Ave & Military Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 11

Intersection
Int Delay, s/veh 0.4
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 109 10 0 13 0 4 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 2 1 1 0 8 2 1 2 0
Mvmt Flow 1 118 11 0 14 0 4 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 14 0 0 129 0 0 141 140 124
          Stage 1 - - - - - - 126 126 -
          Stage 2 - - - - - - 15 14 -
Critical Hdwy 4.12 - - 4.1 - - 7.11 6.52 6.2
Critical Hdwy Stg 1 - - - - - - 6.11 5.52 -
Critical Hdwy Stg 2 - - - - - - 6.11 5.52 -
Follow-up Hdwy 2.218 - - 2.2 - - 3.509 4.018 3.3
Pot Cap-1 Maneuver 1604 - - 1469 - - 831 751 932
          Stage 1 - - - - - - 880 792 -
          Stage 2 - - - - - - 1007 884 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1604 - - 1469 - - 830 750 932
Mov Cap-2 Maneuver - - - - - - 830 750 -
          Stage 1 - - - - - - 879 791 -
          Stage 2 - - - - - - 1006 884 -
 

Approach EB WB NB
HCM Control Delay, s 0.1 0 9.4
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 830 1604 - - 1469 - - 1066
HCM Lane V/C Ratio 0.005 0.001 - - - - - 0.001
HCM Control Delay (s) 9.4 7.2 0 - 0 - - 8.4
HCM Lane LOS A A A - A - - A
HCM 95th %tile Q(veh) 0 0 - - 0 - - 0

HCM 2010 TWSC Base + B AM
7: Armistead Ave & Military Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 12

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 1
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 2 2
Mvmt Flow 0 0 1
 

Major/Minor Minor2
Conflicting Flow All 140 146 14
          Stage 1 14 14 -
          Stage 2 126 132 -
Critical Hdwy 7.12 6.52 6.22
Critical Hdwy Stg 1 6.12 5.52 -
Critical Hdwy Stg 2 6.12 5.52 -
Follow-up Hdwy 3.518 4.018 3.318
Pot Cap-1 Maneuver 830 745 1066
          Stage 1 1006 884 -
          Stage 2 878 787 -
Platoon blocked, %
Mov Cap-1 Maneuver 829 744 1066
Mov Cap-2 Maneuver 829 744 -
          Stage 1 1005 884 -
          Stage 2 877 786 -
 

Approach SB
HCM Control Delay, s 8.4
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + B AM
8: Dearing Ave & Military Rd 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 13

Intersection
Int Delay, s/veh 6.7
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 16 4 3 0 1 5
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 5 0 0 0 0 26
Mvmt Flow 17 4 3 0 1 5
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 11 4 7 0 - 0
          Stage 1 4 - - - - -
          Stage 2 7 - - - - -
Critical Hdwy 6.45 6.2 4.1 - - -
Critical Hdwy Stg 1 5.45 - - - - -
Critical Hdwy Stg 2 5.45 - - - - -
Follow-up Hdwy 3.545 3.3 2.2 - - -
Pot Cap-1 Maneuver 1001 1085 1627 - - -
          Stage 1 1011 - - - - -
          Stage 2 1008 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 999 1085 1627 - - -
Mov Cap-2 Maneuver 999 - - - - -
          Stage 1 1011 - - - - -
          Stage 2 1006 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.6 7.2 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1627 - 1015 - -
HCM Lane V/C Ratio 0.002 - 0.021 - -
HCM Control Delay (s) 7.2 0 8.6 - -
HCM Lane LOS A A A - -
HCM 95th %tile Q(veh) 0 - 0.1 - -

HCM 2010 TWSC Base + B AM
9: W 10th St & Warehouse St 10/2/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 14

Intersection
Int Delay, s/veh 0.5
 

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 3 80 22 5 2 2
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 67 4 23 12 4 0
Mvmt Flow 3 87 24 5 2 2
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 29 0 - 0 120 27
          Stage 1 - - - - 27 -
          Stage 2 - - - - 93 -
Critical Hdwy 4.77 - - - 6.44 6.2
Critical Hdwy Stg 1 - - - - 5.44 -
Critical Hdwy Stg 2 - - - - 5.44 -
Follow-up Hdwy 2.803 - - - 3.536 3.3
Pot Cap-1 Maneuver 1250 - - - 871 1054
          Stage 1 - - - - 990 -
          Stage 2 - - - - 926 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1250 - - - 868 1054
Mov Cap-2 Maneuver - - - - 868 -
          Stage 1 - - - - 990 -
          Stage 2 - - - - 923 -
 

Approach EB WB SB
HCM Control Delay, s 0.3 0 8.8
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1250 - - - 952
HCM Lane V/C Ratio 0.003 - - - 0.005
HCM Control Delay (s) 7.9 0 - - 8.8
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queues Base + B AM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBT EBR WBT WBR NBL NBT SBL SBT
Lane Group Flow (vph) 9 2 18 33 3 331 95 155
v/c Ratio 0.05 0.01 0.09 0.06 0.01 0.62 0.22 0.20
Control Delay 28.2 0.0 28.4 0.2 15.7 23.2 9.2 9.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 28.2 0.0 28.4 0.2 15.7 23.2 9.2 9.1
Queue Length 50th (ft) 3 0 6 0 1 95 17 28
Queue Length 95th (ft) 17 0 25 1 6 184 38 59
Internal Link Dist (ft) 750 1085 929 1030
Turn Bay Length (ft) 50 225 75 175
Base Capacity (vph) 329 400 769 601 977 1328 493 1566
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.03 0.01 0.02 0.05 0.00 0.25 0.19 0.10

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + B AM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base + B AM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 7 2 16 1 30 3 198 107 87 142 1
Number 1 6 16 5 2 12 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 184.8 166.7 190.0 178.7 190.0 184.5 162.5 190.0
Adj Flow Rate, veh/h 1 8 2 17 1 33 3 215 116 95 154 1
Adj No. of Lanes 0 1 1 0 1 1 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 14 0 7 7 3 17 17
Cap, veh/h 20 159 153 158 9 235 492 311 168 375 757 5
Arrive On Green 0.09 0.09 0.09 0.09 0.09 0.09 0.28 0.28 0.28 0.07 0.47 0.47
Sat Flow, veh/h 210 1680 1615 1666 98 1417 1251 1093 590 1757 1613 10
Grp Volume(v), veh/h 9 0 2 18 0 33 3 0 331 95 0 155
Grp Sat Flow(s),veh/h/ln 1890 0 1615 1764 0 1417 1251 0 1683 1757 0 1624
Q Serve(g_s), s 0.2 0.0 0.1 0.5 0.0 1.0 0.1 0.0 9.2 1.8 0.0 3.0
Cycle Q Clear(g_c), s 0.2 0.0 0.1 0.5 0.0 1.0 0.1 0.0 9.2 1.8 0.0 3.0
Prop In Lane 0.11 1.00 0.94 1.00 1.00 0.35 1.00 0.01
Lane Grp Cap(c), veh/h 179 0 153 167 0 235 492 0 479 375 0 762
V/C Ratio(X) 0.05 0.00 0.01 0.11 0.00 0.14 0.01 0.00 0.69 0.25 0.00 0.20
Avail Cap(c_a), veh/h 358 0 306 836 0 772 1204 0 1436 582 0 1877
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.7 0.0 21.6 21.8 0.0 18.8 13.5 0.0 16.8 11.6 0.0 8.2
Incr Delay (d2), s/veh 0.1 0.0 0.0 0.3 0.0 0.3 0.0 0.0 1.8 0.4 0.0 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.0 0.3 0.0 0.4 0.0 0.0 4.5 0.9 0.0 1.3
LnGrp Delay(d),s/veh 21.8 0.0 21.7 22.1 0.0 19.1 13.5 0.0 18.6 11.9 0.0 8.3
LnGrp LOS C C C B B B B A
Approach Vol, veh/h 11 51 334 250
Approach Delay, s/veh 21.8 20.1 18.6 9.7
Approach LOS C C B A

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 11.0 9.8 21.0 11.0 30.8
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 25.0 10.0 45.0 10.0 61.0
Max Q Clear Time (g_c+I1), s 3.0 3.8 11.2 2.2 5.0
Green Ext Time (p_c), s 0.1 0.1 3.5 0.0 3.7

Intersection Summary
HCM 2010 Ctrl Delay 15.3
HCM 2010 LOS B



Queues Base + B AM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 10 104 98 134 130 22
v/c Ratio 0.03 0.21 0.12 0.08 0.17 0.03
Control Delay 13.0 3.1 2.6 2.0 11.1 6.5
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 13.0 3.1 2.6 2.0 11.1 6.5
Queue Length 50th (ft) 1 0 0 0 12 0
Queue Length 95th (ft) 12 15 23 29 64 13
Internal Link Dist (ft) 1078 751 648
Turn Bay Length (ft) 150 225 150
Base Capacity (vph) 1306 839 1042 1727 1629 1578
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.01 0.12 0.09 0.08 0.08 0.01

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + B AM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 9 96 90 123 120 20
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 171.2 172.7 179.2 172.7 166.7 190.0
Adj Flow Rate, veh/h 10 104 98 134 130 22
Adj No. of Lanes 1 1 1 1 1 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 11 10 6 10 14 0
Cap, veh/h 219 327 590 898 432 419
Arrive On Green 0.13 0.13 0.09 0.52 0.26 0.26
Sat Flow, veh/h 1630 1468 1707 1727 1667 1615
Grp Volume(v), veh/h 10 104 98 134 130 22
Grp Sat Flow(s),veh/h/ln 1630 1468 1707 1727 1667 1615
Q Serve(g_s), s 0.2 2.1 1.3 1.4 2.2 0.4
Cycle Q Clear(g_c), s 0.2 2.1 1.3 1.4 2.2 0.4
Prop In Lane 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 219 327 590 898 432 419
V/C Ratio(X) 0.05 0.32 0.17 0.15 0.30 0.05
Avail Cap(c_a), veh/h 1174 1186 1177 3034 1920 1860
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 13.1 11.3 6.8 4.3 10.3 9.7
Incr Delay (d2), s/veh 0.1 0.7 0.1 0.0 0.1 0.0
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 1.8 0.6 0.7 1.0 0.2
LnGrp Delay(d),s/veh 13.2 12.0 6.9 4.4 10.5 9.7
LnGrp LOS B B A A B A
Approach Vol, veh/h 114 232 152
Approach Delay, s/veh 12.1 5.4 10.4
Approach LOS B A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 24.1 10.7 9.1 15.0
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 61.0 25.0 15.0 40.0
Max Q Clear Time (g_c+I1), s 3.4 4.1 3.3 4.2
Green Ext Time (p_c), s 1.1 0.4 0.2 1.1

Intersection Summary
HCM 2010 Ctrl Delay 8.5
HCM 2010 LOS A



Queues Base + B AM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Lane Group EBL EBT WBL WBT NBT SBL SBT
Lane Group Flow (vph) 8 19 20 33 144 109 145
v/c Ratio 0.02 0.05 0.05 0.09 0.32 0.23 0.20
Control Delay 26.6 26.2 25.2 12.8 23.8 13.7 13.0
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 26.6 26.2 25.2 12.8 23.8 13.7 13.0
Queue Length 50th (ft) 3 7 7 2 49 29 38
Queue Length 95th (ft) 15 25 26 24 101 58 74
Internal Link Dist (ft) 598 847 888 606
Turn Bay Length (ft) 100 150 100
Base Capacity (vph) 474 496 949 823 1039 611 1467
Starvation Cap Reductn 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0
Reduced v/c Ratio 0.02 0.04 0.02 0.04 0.14 0.18 0.10

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + B AM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 7 17 1 18 5 26 0 99 33 100 122 11
Number 5 2 12 1 6 16 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 176.5 190.0 190.0 175.1 190.0 182.7 171.2 190.0
Adj Flow Rate, veh/h 8 18 1 20 5 28 0 108 36 109 133 12
Adj No. of Lanes 1 1 0 1 1 0 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 0 0 7 7 4 12 12
Cap, veh/h 311 307 17 224 29 162 113 295 98 474 653 59
Arrive On Green 0.17 0.17 0.17 0.12 0.12 0.12 0.00 0.23 0.23 0.09 0.42 0.42
Sat Flow, veh/h 1810 1783 99 1810 233 1303 1263 1258 419 1740 1547 140
Grp Volume(v), veh/h 8 0 19 20 0 33 0 0 144 109 0 145
Grp Sat Flow(s),veh/h/ln 1810 0 1883 1810 0 1535 1263 0 1677 1740 0 1687
Q Serve(g_s), s 0.2 0.0 0.5 0.6 0.0 1.2 0.0 0.0 4.6 2.7 0.0 3.5
Cycle Q Clear(g_c), s 0.2 0.0 0.5 0.6 0.0 1.2 0.0 0.0 4.6 2.7 0.0 3.5
Prop In Lane 1.00 0.05 1.00 0.85 1.00 0.25 1.00 0.08
Lane Grp Cap(c), veh/h 311 0 324 224 0 190 113 0 394 474 0 712
V/C Ratio(X) 0.03 0.00 0.06 0.09 0.00 0.17 0.00 0.00 0.37 0.23 0.00 0.20
Avail Cap(c_a), veh/h 425 0 442 849 0 721 508 0 918 719 0 1478
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 0.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 22.0 0.0 22.1 24.8 0.0 25.1 0.0 0.0 20.5 14.4 0.0 11.7
Incr Delay (d2), s/veh 0.0 0.0 0.1 0.2 0.0 0.6 0.0 0.0 0.8 0.2 0.0 0.2
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.1 0.0 0.3 0.3 0.0 0.6 0.0 0.0 2.2 1.3 0.0 1.7
LnGrp Delay(d),s/veh 22.0 0.0 22.2 25.0 0.0 25.7 0.0 0.0 21.3 14.5 0.0 11.9
LnGrp LOS C C C C C B B
Approach Vol, veh/h 27 53 144 254
Approach Delay, s/veh 22.2 25.4 21.3 13.0
Approach LOS C C C B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 17.0 12.0 21.0 13.9 33.0
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 15.0 15.0 35.0 30.0 56.0
Max Q Clear Time (g_c+I1), s 2.5 4.7 6.6 3.2 5.5
Green Ext Time (p_c), s 0.1 0.1 2.6 0.3 2.9

Intersection Summary
HCM 2010 Ctrl Delay 17.4
HCM 2010 LOS B



HCM 2010 TWSC Base + B AM
13: Dearing Ave & Darvills Rd 10/2/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 2.2
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 18 151 10 44 50 9
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - 100 247 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 20 164 11 48 54 10
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 20 0 90 20
          Stage 1 - - - - 20 -
          Stage 2 - - - - 70 -
Critical Hdwy - - 4.12 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.218 - 3.518 3.318
Pot Cap-1 Maneuver - - 1596 - 910 1058
          Stage 1 - - - - 1003 -
          Stage 2 - - - - 953 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1596 - 904 1058
Mov Cap-2 Maneuver - - - - 904 -
          Stage 1 - - - - 1003 -
          Stage 2 - - - - 946 -
 

Approach EB WB NB
HCM Control Delay, s 0 1.3 9.2
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 925 - - 1596 -
HCM Lane V/C Ratio 0.069 - - 0.007 -
HCM Control Delay (s) 9.2 - - 7.3 -
HCM Lane LOS A - - A -
HCM 95th %tile Q(veh) 0.2 - - 0 -

HCM 2010 TWSC Base + B AM
14: Dearing Ave & West 10th St 10/2/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh 1.3
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 0 25 7 47 148 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 0 27 8 51 161 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 227 161 161 0 - 0
          Stage 1 161 - - - - -
          Stage 2 66 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 761 884 1418 - - -
          Stage 1 868 - - - - -
          Stage 2 957 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 756 884 1418 - - -
Mov Cap-2 Maneuver 756 - - - - -
          Stage 1 868 - - - - -
          Stage 2 951 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.2 1 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1418 - 884 - -
HCM Lane V/C Ratio 0.005 - 0.031 - -
HCM Control Delay (s) 7.6 0 9.2 - -
HCM Lane LOS A A A - -
HCM 95th %tile Q(veh) 0 - 0.1 - -



HCM 2010 TWSC Base + B AM
15: Business Driveway & Dearing Ave 10/2/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 0.4
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 8 0 0 49 152 14
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 9 0 0 53 165 15
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 226 173 180 0 - 0
          Stage 1 173 - - - - -
          Stage 2 53 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 762 871 1396 - - -
          Stage 1 857 - - - - -
          Stage 2 970 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 762 871 1396 - - -
Mov Cap-2 Maneuver 762 - - - - -
          Stage 1 857 - - - - -
          Stage 2 970 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.8 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1396 - 762 - -
HCM Lane V/C Ratio - - 0.011 - -
HCM Control Delay (s) 0 - 9.8 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0 - -

HCM 2010 TWSC Base + B AM
17: Dearing Ave & South Loop Rd 10/2/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 7.1
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 64 5 0 16 1 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 70 5 0 17 1 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 18 1 1 0 - 0
          Stage 1 1 - - - - -
          Stage 2 17 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1000 1084 1622 - - -
          Stage 1 1022 - - - - -
          Stage 2 1006 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1000 1084 1622 - - -
Mov Cap-2 Maneuver 1000 - - - - -
          Stage 1 1022 - - - - -
          Stage 2 1006 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.9 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1622 - 1006 - -
HCM Lane V/C Ratio - - 0.075 - -
HCM Control Delay (s) 0 - 8.9 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0.2 - -



HCM 2010 TWSC Base + B AM
18: Dearing Ave & Driveway/Foley Rd 10/2/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh 0.2
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 0 1 0 0 0 0 69 11
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2 2 2 2
Mvmt Flow 1 0 1 0 0 0 0 75 12
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 84 90 3 84 86 81 5 0 0
          Stage 1 3 3 - 81 81 - - - -
          Stage 2 81 87 - 3 5 - - - -
Critical Hdwy 7.12 6.52 6.22 7.12 6.52 6.22 4.12 - -
Critical Hdwy Stg 1 6.12 5.52 - 6.12 5.52 - - - -
Critical Hdwy Stg 2 6.12 5.52 - 6.12 5.52 - - - -
Follow-up Hdwy 3.518 4.018 3.318 3.518 4.018 3.318 2.218 - -
Pot Cap-1 Maneuver 903 800 1081 903 804 979 1616 - -
          Stage 1 1020 893 - 927 828 - - - -
          Stage 2 927 823 - 1020 892 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 903 800 1081 902 804 979 1616 - -
Mov Cap-2 Maneuver 903 800 - 902 804 - - - -
          Stage 1 1020 893 - 927 828 - - - -
          Stage 2 927 823 - 1019 892 - - - -
 

Approach EB WB NB
HCM Control Delay, s 8.7 0 0
HCM LOS A A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1616 - - 984 - 1509 - -
HCM Lane V/C Ratio - - - 0.002 - - - -
HCM Control Delay (s) 0 - - 8.7 0 0 - -
HCM Lane LOS A - - A A A - -
HCM 95th %tile Q(veh) 0 - - 0 - 0 - -

HCM 2010 TWSC Base + B AM
18: Dearing Ave & Driveway/Foley Rd 10/2/2014

FASTC 2018 Base + B AM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 5
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 2 2
Mvmt Flow 0 0 5
 

Major/Minor Major2
Conflicting Flow All 87 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.12 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.218 - -
Pot Cap-1 Maneuver 1509 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1509 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + B PM
1: Cox Rd/Yellowbird Rd & US 460 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 10.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 7 113 18 207 170 6 48 35 354
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length 125 - 50 100 - 100 - - -
Veh in Median Storage, # - 0 - - 0 - - 2 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 96 96 96 93 93 93
Heavy Vehicles, % 0 18 31 11 20 0 8 3 5
Mvmt Flow 8 123 20 216 177 6 52 38 381
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 177 0 0 123 0 0 669 746 61
          Stage 1 - - - - - - 138 138 -
          Stage 2 - - - - - - 531 608 -
Critical Hdwy 4.1 - - 4.32 - - 7.66 6.56 7
Critical Hdwy Stg 1 - - - - - - 6.66 5.56 -
Critical Hdwy Stg 2 - - - - - - 6.66 5.56 -
Follow-up Hdwy 2.2 - - 2.31 - - 3.58 4.03 3.35
Pot Cap-1 Maneuver 1411 - - 1398 - - 332 338 982
          Stage 1 - - - - - - 834 779 -
          Stage 2 - - - - - - 485 482 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1411 - - 1398 - - 275 284 982
Mov Cap-2 Maneuver - - - - - - 353 375 -
          Stage 1 - - - - - - 829 775 -
          Stage 2 - - - - - - 383 408 -
 

Approach EB WB NB
HCM Control Delay, s 0.4 4.3 17.9
HCM LOS C
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 741 1411 - - 1398 - - 425
HCM Lane V/C Ratio 0.634 0.005 - - 0.154 - - 0.079
HCM Control Delay (s) 17.9 7.6 - - 8 - - 14.2
HCM Lane LOS C A - - A - - B
HCM 95th %tile Q(veh) 4.6 0 - - 0.5 - - 0.3

HCM 2010 TWSC Base + B PM
1: Cox Rd/Yellowbird Rd & US 460 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 2 21 8
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 2 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 0 5 13
Mvmt Flow 2 23 9
 

Major/Minor Minor2
Conflicting Flow All 703 746 89
          Stage 1 608 608 -
          Stage 2 95 138 -
Critical Hdwy 7.5 6.6 7.16
Critical Hdwy Stg 1 6.5 5.6 -
Critical Hdwy Stg 2 6.5 5.6 -
Follow-up Hdwy 3.5 4.05 3.43
Pot Cap-1 Maneuver 328 335 917
          Stage 1 454 477 -
          Stage 2 907 774 -
Platoon blocked, %
Mov Cap-1 Maneuver 163 282 917
Mov Cap-2 Maneuver 273 369 -
          Stage 1 451 403 -
          Stage 2 525 770 -
 

Approach SB
HCM Control Delay, s 14.2
HCM LOS B
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + B PM
2: Military Rd & Cox Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 5.7
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 157 2 82 165 1 279
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 7 0 28 8 0 5
Mvmt Flow 171 2 89 179 1 303
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 173 0 530 172
          Stage 1 - - - - 172 -
          Stage 2 - - - - 358 -
Critical Hdwy - - 4.38 - 6.4 6.25
Critical Hdwy Stg 1 - - - - 5.4 -
Critical Hdwy Stg 2 - - - - 5.4 -
Follow-up Hdwy - - 2.452 - 3.5 3.345
Pot Cap-1 Maneuver - - 1261 - 513 864
          Stage 1 - - - - 863 -
          Stage 2 - - - - 712 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1261 - 473 864
Mov Cap-2 Maneuver - - - - 473 -
          Stage 1 - - - - 863 -
          Stage 2 - - - - 656 -
 

Approach EB WB NB
HCM Control Delay, s 0 2.7 11.5
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 861 - - 1261 -
HCM Lane V/C Ratio 0.353 - - 0.071 -
HCM Control Delay (s) 11.5 - - 8.1 0
HCM Lane LOS B - - A A
HCM 95th %tile Q(veh) 1.6 - - 0.2 -

HCM 2010 TWSC Base + B PM
3: Military Rd & Darvills Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 6.6
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 9 44 14 8 58 144 62 128 14
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - 50 - - - 150 - 25
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 0 5 20 23 15 25 2 5 1
Mvmt Flow 10 48 15 9 63 157 67 139 15
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 220 0 0 48 0 0 237 304 48
          Stage 1 - - - - - - 67 67 -
          Stage 2 - - - - - - 170 237 -
Critical Hdwy 4.1 - - 4.33 - - 7.12 6.55 6.21
Critical Hdwy Stg 1 - - - - - - 6.12 5.55 -
Critical Hdwy Stg 2 - - - - - - 6.12 5.55 -
Follow-up Hdwy 2.2 - - 2.407 - - 3.518 4.045 3.309
Pot Cap-1 Maneuver 1361 - - 1435 - - 717 604 1024
          Stage 1 - - - - - - 943 833 -
          Stage 2 - - - - - - 832 703 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1361 - - 1435 - - 690 595 1024
Mov Cap-2 Maneuver - - - - - - 690 595 -
          Stage 1 - - - - - - 935 826 -
          Stage 2 - - - - - - 803 698 -
 

Approach EB WB NB
HCM Control Delay, s 1 0.3 12
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 NBLn2 NBLn3 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 690 595 1024 1361 - - 1435 - - 489
HCM Lane V/C Ratio 0.098 0.234 0.015 0.007 - - 0.006 - - 0.184
HCM Control Delay (s) 10.8 12.9 8.6 7.7 0 - 7.5 0 - 14
HCM Lane LOS B B A A A - A A - B
HCM 95th %tile Q(veh) 0.3 0.9 0 0 - - 0 - - 0.7



HCM 2010 TWSC Base + B PM
3: Military Rd & Darvills Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 62 11 10
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 64 23 0
Mvmt Flow 67 12 11
 

Major/Minor Minor2
Conflicting Flow All 296 226 141
          Stage 1 159 159 -
          Stage 2 137 67 -
Critical Hdwy 7.74 6.73 6.2
Critical Hdwy Stg 1 6.74 5.73 -
Critical Hdwy Stg 2 6.74 5.73 -
Follow-up Hdwy 4.076 4.207 3.3
Pot Cap-1 Maneuver 550 638 912
          Stage 1 717 728 -
          Stage 2 738 800 -
Platoon blocked, %
Mov Cap-1 Maneuver 439 628 912
Mov Cap-2 Maneuver 439 628 -
          Stage 1 711 723 -
          Stage 2 600 794 -
 

Approach SB
HCM Control Delay, s 14
HCM LOS B
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base + B PM
4: Military Rd & FASTC Main Campus/W 10th St 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh 5.6
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 3 0 1 69 0 75 0 81 8
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 5 0 5 2 0 4 27 1 2
Mvmt Flow 3 0 1 75 0 82 0 88 9
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 230 194 47 189 189 92 47 0 0
          Stage 1 97 97 - 92 92 - - - -
          Stage 2 133 97 - 97 97 - - - -
Critical Hdwy 7.15 6.5 6.25 7.12 6.5 6.24 4.37 - -
Critical Hdwy Stg 1 6.15 5.5 - 6.12 5.5 - - - -
Critical Hdwy Stg 2 6.15 5.5 - 6.12 5.5 - - - -
Follow-up Hdwy 3.545 4 3.345 3.518 4 3.336 2.443 - -
Pot Cap-1 Maneuver 719 705 1014 771 709 960 1414 - -
          Stage 1 902 819 - 915 823 - - - -
          Stage 2 863 819 - 910 819 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 648 692 1014 759 696 960 1414 - -
Mov Cap-2 Maneuver 648 692 - 759 696 - - - -
          Stage 1 902 803 - 915 823 - - - -
          Stage 2 790 819 - 892 803 - - - -
 

Approach EB WB NB
HCM Control Delay, s 10.1 10.2 0
HCM LOS B B
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1414 - - 712 852 1369 - -
HCM Lane V/C Ratio - - - 0.006 0.184 0.018 - -
HCM Control Delay (s) 0 - - 10.1 10.2 7.7 0 -
HCM Lane LOS A - - B B A A -
HCM 95th %tile Q(veh) 0 - - 0 0.7 0.1 - -



HCM 2010 TWSC Base + B PM
4: Military Rd & FASTC Main Campus/W 10th St 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 7

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 23 43 0
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 24 3 27
Mvmt Flow 25 47 0
 

Major/Minor Major2
Conflicting Flow All 97 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.34 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.416 - -
Pot Cap-1 Maneuver 1369 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1369 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 2.7
HCM LOS
 

Minor Lane/Major Mvmt

HCM 2010 TWSC Base + B PM
5: Military Rd & W Entrance Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 8

Intersection
Int Delay, s/veh 2.8
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 13 25 56 76 29 84
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 3 2 1 1 1 1
Mvmt Flow 14 27 61 83 32 91
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 281 77 123 0 - 0
          Stage 1 77 - - - - -
          Stage 2 204 - - - - -
Critical Hdwy 6.43 6.22 4.11 - - -
Critical Hdwy Stg 1 5.43 - - - - -
Critical Hdwy Stg 2 5.43 - - - - -
Follow-up Hdwy 3.527 3.318 2.209 - - -
Pot Cap-1 Maneuver 707 984 1470 - - -
          Stage 1 943 - - - - -
          Stage 2 828 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 677 984 1470 - - -
Mov Cap-2 Maneuver 677 - - - - -
          Stage 1 943 - - - - -
          Stage 2 792 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.4 3.2 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1470 - 852 - -
HCM Lane V/C Ratio 0.041 - 0.048 - -
HCM Control Delay (s) 7.6 0 9.4 - -
HCM Lane LOS A A A - -
HCM 95th %tile Q(veh) 0.1 - 0.2 - -



HCM 2010 TWSC Base + B PM
6: Garnett Ave & Military Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 9

Intersection
Int Delay, s/veh 2.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 39 7 1 93 1 29 1 1
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 85 92 92 92 92 85 92 85 92
Heavy Vehicles, % 2 9 0 0 2 2 4 2 0
Mvmt Flow 1 42 8 1 101 1 32 1 1
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 102 0 0 50 0 0 156 153 46
          Stage 1 - - - - - - 49 49 -
          Stage 2 - - - - - - 107 104 -
Critical Hdwy 4.12 - - 4.1 - - 7.14 6.52 6.2
Critical Hdwy Stg 1 - - - - - - 6.14 5.52 -
Critical Hdwy Stg 2 - - - - - - 6.14 5.52 -
Follow-up Hdwy 2.218 - - 2.2 - - 3.536 4.018 3.3
Pot Cap-1 Maneuver 1490 - - 1570 - - 806 739 1029
          Stage 1 - - - - - - 959 854 -
          Stage 2 - - - - - - 894 809 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1490 - - 1570 - - 799 738 1029
Mov Cap-2 Maneuver - - - - - - 799 738 -
          Stage 1 - - - - - - 958 853 -
          Stage 2 - - - - - - 886 808 -
 

Approach EB WB NB
HCM Control Delay, s 0.2 0.1 9.7
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 802 1490 - - 1570 - - 867
HCM Lane V/C Ratio 0.042 0.001 - - 0.001 - - 0.008
HCM Control Delay (s) 9.7 7.4 0 - 7.3 0 - 9.2
HCM Lane LOS A A A - A A - A
HCM 95th %tile Q(veh) 0.1 0 - - 0 - - 0

HCM 2010 TWSC Base + B PM
6: Garnett Ave & Military Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 10

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 2 4
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 85 85 85
Heavy Vehicles, % 2 2 2
Mvmt Flow 0 2 5
 

Major/Minor Minor2
Conflicting Flow All 154 156 102
          Stage 1 104 104 -
          Stage 2 50 52 -
Critical Hdwy 7.12 6.52 6.22
Critical Hdwy Stg 1 6.12 5.52 -
Critical Hdwy Stg 2 6.12 5.52 -
Follow-up Hdwy 3.518 4.018 3.318
Pot Cap-1 Maneuver 813 736 953
          Stage 1 902 809 -
          Stage 2 963 852 -
Platoon blocked, %
Mov Cap-1 Maneuver 810 735 953
Mov Cap-2 Maneuver 810 735 -
          Stage 1 901 808 -
          Stage 2 960 851 -
 

Approach SB
HCM Control Delay, s 9.2
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + B PM
7: Armistead Ave & Military Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 11

Intersection
Int Delay, s/veh 1.1
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 1 35 3 0 81 0 14 0 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Free Free Free Free Free Free Stop Stop Stop
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 85 92 92 92 92 85 92 85 92
Heavy Vehicles, % 2 9 0 0 2 2 1 2 0
Mvmt Flow 1 38 3 0 88 0 15 0 0
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 88 0 0 41 0 0 131 130 40
          Stage 1 - - - - - - 42 42 -
          Stage 2 - - - - - - 89 88 -
Critical Hdwy 4.12 - - 4.1 - - 7.11 6.52 6.2
Critical Hdwy Stg 1 - - - - - - 6.11 5.52 -
Critical Hdwy Stg 2 - - - - - - 6.11 5.52 -
Follow-up Hdwy 2.218 - - 2.2 - - 3.509 4.018 3.3
Pot Cap-1 Maneuver 1508 - - 1581 - - 844 761 1037
          Stage 1 - - - - - - 975 860 -
          Stage 2 - - - - - - 921 822 -
Platoon blocked, % - - - -
Mov Cap-1 Maneuver 1508 - - 1581 - - 842 760 1037
Mov Cap-2 Maneuver - - - - - - 842 760 -
          Stage 1 - - - - - - 974 859 -
          Stage 2 - - - - - - 920 822 -
 

Approach EB WB NB
HCM Control Delay, s 0.2 0 9.4
HCM LOS A
 

Minor Lane/Major Mvmt NBLn1 EBL EBT EBR WBL WBT WBR SBLn1
Capacity (veh/h) 842 1508 - - 1581 - - 970
HCM Lane V/C Ratio 0.018 0.001 - - - - - 0.001
HCM Control Delay (s) 9.4 7.4 0 - 0 - - 8.7
HCM Lane LOS A A A - A - - A
HCM 95th %tile Q(veh) 0.1 0 - - 0 - - 0

HCM 2010 TWSC Base + B PM
7: Armistead Ave & Military Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 12

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 1
Conflicting Peds, #/hr 0 0 0
Sign Control Stop Stop Stop
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 85 85 85
Heavy Vehicles, % 2 2 2
Mvmt Flow 0 0 1
 

Major/Minor Minor2
Conflicting Flow All 130 132 88
          Stage 1 88 88 -
          Stage 2 42 44 -
Critical Hdwy 7.12 6.52 6.22
Critical Hdwy Stg 1 6.12 5.52 -
Critical Hdwy Stg 2 6.12 5.52 -
Follow-up Hdwy 3.518 4.018 3.318
Pot Cap-1 Maneuver 843 759 970
          Stage 1 920 822 -
          Stage 2 972 858 -
Platoon blocked, %
Mov Cap-1 Maneuver 842 758 970
Mov Cap-2 Maneuver 842 758 -
          Stage 1 919 822 -
          Stage 2 971 857 -
 

Approach SB
HCM Control Delay, s 8.7
HCM LOS A
 

Minor Lane/Major Mvmt



HCM 2010 TWSC Base + B PM
8: Dearing Ave & Military Rd 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 13

Intersection
Int Delay, s/veh 2.9
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 6 1 1 0 1 15
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 27 0 0 0 0 6
Mvmt Flow 7 1 1 0 1 16
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 11 9 17 0 - 0
          Stage 1 9 - - - - -
          Stage 2 2 - - - - -
Critical Hdwy 6.67 6.2 4.1 - - -
Critical Hdwy Stg 1 5.67 - - - - -
Critical Hdwy Stg 2 5.67 - - - - -
Follow-up Hdwy 3.743 3.3 2.2 - - -
Pot Cap-1 Maneuver 948 1079 1613 - - -
          Stage 1 953 - - - - -
          Stage 2 960 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 947 1079 1613 - - -
Mov Cap-2 Maneuver 947 - - - - -
          Stage 1 953 - - - - -
          Stage 2 959 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.8 7.2 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1613 - 964 - -
HCM Lane V/C Ratio 0.001 - 0.008 - -
HCM Control Delay (s) 7.2 0 8.8 - -
HCM Lane LOS A A A - -
HCM 95th %tile Q(veh) 0 - 0 - -

HCM 2010 TWSC Base + B PM
9: W 10th St & Warehouse St 10/2/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 14

Intersection
Int Delay, s/veh 0.3
 

Movement EBL EBT WBT WBR SBL SBR
Vol, veh/h 1 27 103 2 1 3
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - - - - 0 -
Veh in Median Storage, # - 0 0 - 0 -
Grade, % - 0 0 - 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 0 22 3 5 23 0
Mvmt Flow 1 29 112 2 1 3
 

Major/Minor Major1 Major2 Minor2
Conflicting Flow All 114 0 - 0 145 113
          Stage 1 - - - - 113 -
          Stage 2 - - - - 32 -
Critical Hdwy 4.1 - - - 6.63 6.2
Critical Hdwy Stg 1 - - - - 5.63 -
Critical Hdwy Stg 2 - - - - 5.63 -
Follow-up Hdwy 2.2 - - - 3.707 3.3
Pot Cap-1 Maneuver 1488 - - - 800 945
          Stage 1 - - - - 862 -
          Stage 2 - - - - 939 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1488 - - - 799 945
Mov Cap-2 Maneuver - - - - 799 -
          Stage 1 - - - - 862 -
          Stage 2 - - - - 938 -
 

Approach EB WB SB
HCM Control Delay, s 0.3 0 9
HCM LOS A
 

Minor Lane/Major Mvmt EBL EBT WBT WBR SBLn1
Capacity (veh/h) 1488 - - - 904
HCM Lane V/C Ratio 0.001 - - - 0.005
HCM Control Delay (s) 7.4 0 - - 9
HCM Lane LOS A A - - A
HCM 95th %tile Q(veh) 0 - - - 0



Queues Base + B PM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBT EBR WBT WBR NBL NBT SBL SBT
Lane Group Flow (vph) 10 16 172 100 4 525 57 431
v/c Ratio 0.07 0.06 0.55 0.17 0.01 0.78 0.21 0.47
Control Delay 43.7 0.5 40.8 6.1 17.5 31.6 11.7 14.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 43.7 0.5 40.8 6.1 17.5 31.6 11.7 14.4
Queue Length 50th (ft) 5 0 79 0 1 223 13 123
Queue Length 95th (ft) 24 0 174 36 8 406 35 230
Internal Link Dist (ft) 750 1085 929 1030
Turn Bay Length (ft) 50 225 75 175
Base Capacity (vph) 229 343 601 635 593 1084 332 1415
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.05 0.29 0.16 0.01 0.48 0.17 0.30

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + B PM
10: S. Main St & 8th St/W Entrance Rd 10/22/2014

FASTC 2018 Base + B PM Int 1-10.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 1 8 15 137 21 92 4 384 99 54 404 6
Number 1 6 16 5 2 12 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 170.1 190.0 190.0 185.5 172.7 190.0 182.7 190.0 165.2 182.8 190.0
Adj Flow Rate, veh/h 1 9 16 149 23 100 4 417 108 57 425 6
Adj No. of Lanes 0 1 1 0 1 1 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.95 0.95 0.95
Percent Heavy Veh, % 13 13 0 5 5 10 0 4 4 15 4 4
Cap, veh/h 12 110 117 214 33 274 476 550 143 285 950 13
Arrive On Green 0.07 0.07 0.07 0.14 0.14 0.14 0.39 0.39 0.39 0.05 0.53 0.53
Sat Flow, veh/h 169 1523 1615 1541 238 1468 972 1400 363 1573 1798 25
Grp Volume(v), veh/h 10 0 16 172 0 100 4 0 525 57 0 431
Grp Sat Flow(s),veh/h/ln 1693 0 1615 1778 0 1468 972 0 1763 1573 0 1823
Q Serve(g_s), s 0.4 0.0 0.6 6.4 0.0 4.1 0.2 0.0 17.8 1.4 0.0 10.1
Cycle Q Clear(g_c), s 0.4 0.0 0.6 6.4 0.0 4.1 0.9 0.0 17.8 1.4 0.0 10.1
Prop In Lane 0.10 1.00 0.87 1.00 1.00 0.21 1.00 0.01
Lane Grp Cap(c), veh/h 123 0 117 247 0 274 476 0 693 285 0 963
V/C Ratio(X) 0.08 0.00 0.14 0.70 0.00 0.36 0.01 0.00 0.76 0.20 0.00 0.45
Avail Cap(c_a), veh/h 245 0 234 644 0 602 727 0 1149 437 0 1611
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 29.9 0.0 30.0 28.3 0.0 24.5 13.2 0.0 18.1 13.1 0.0 10.1
Incr Delay (d2), s/veh 0.3 0.0 0.5 3.5 0.0 0.8 0.0 0.0 1.7 0.3 0.0 0.3
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.2 0.0 0.3 3.3 0.0 1.7 0.0 0.0 8.9 0.6 0.0 5.1
LnGrp Delay(d),s/veh 30.2 0.0 30.5 31.9 0.0 25.3 13.2 0.0 19.8 13.4 0.0 10.4
LnGrp LOS C C C C B B B B
Approach Vol, veh/h 26 272 529 488
Approach Delay, s/veh 30.4 29.5 19.8 10.7
Approach LOS C C B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 15.6 9.3 33.1 11.0 42.5
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 25.0 10.0 45.0 10.0 61.0
Max Q Clear Time (g_c+I1), s 8.4 3.4 19.8 2.6 12.1
Green Ext Time (p_c), s 1.2 0.0 7.4 0.0 8.4

Intersection Summary
HCM 2010 Ctrl Delay 18.6
HCM 2010 LOS B



Queues Base + B PM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Lane Group EBL EBR NBL NBT SBT SBR
Lane Group Flow (vph) 47 230 239 253 278 58
v/c Ratio 0.15 0.33 0.29 0.17 0.54 0.11
Control Delay 21.1 2.9 4.0 3.1 19.3 5.9
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 21.1 2.9 4.0 3.1 19.3 5.9
Queue Length 50th (ft) 8 0 0 0 44 0
Queue Length 95th (ft) 42 29 56 59 152 22
Internal Link Dist (ft) 1078 751 648
Turn Bay Length (ft) 150 225 150
Base Capacity (vph) 1054 837 922 1719 1450 1413
Starvation Cap Reductn 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.27 0.26 0.15 0.19 0.04

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + B PM
11: S. Main St & Church St 10/22/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Movement EBL EBR NBL NBT SBT SBR
Lane Configurations
Volume (veh/h) 43 212 220 233 256 53
Number 7 14 5 2 6 16
Initial Q (Qb), veh 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 171.2 172.7 179.2 172.7 166.7 190.0
Adj Flow Rate, veh/h 47 230 239 253 278 58
Adj No. of Lanes 1 1 1 1 1 1
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 11 10 6 10 14 0
Cap, veh/h 308 483 510 919 421 408
Arrive On Green 0.19 0.19 0.14 0.53 0.25 0.25
Sat Flow, veh/h 1630 1468 1707 1727 1667 1615
Grp Volume(v), veh/h 47 230 239 253 278 58
Grp Sat Flow(s),veh/h/ln 1630 1468 1707 1727 1667 1615
Q Serve(g_s), s 1.0 5.4 3.9 3.5 6.4 1.2
Cycle Q Clear(g_c), s 1.0 5.4 3.9 3.5 6.4 1.2
Prop In Lane 1.00 1.00 1.00 1.00
Lane Grp Cap(c), veh/h 308 483 510 919 421 408
V/C Ratio(X) 0.15 0.48 0.47 0.28 0.66 0.14
Avail Cap(c_a), veh/h 947 1058 865 2448 1549 1501
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00
Uniform Delay (d), s/veh 14.6 11.5 9.0 5.5 14.4 12.5
Incr Delay (d2), s/veh 0.3 0.9 0.7 0.1 0.7 0.1
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.5 4.7 1.9 1.6 3.0 0.5
LnGrp Delay(d),s/veh 14.8 12.4 9.6 5.6 15.1 12.5
LnGrp LOS B B A A B B
Approach Vol, veh/h 277 492 336
Approach Delay, s/veh 12.8 7.5 14.7
Approach LOS B A B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 4 5 6
Phs Duration (G+Y+Rc), s 28.9 14.1 12.0 16.9
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 61.0 25.0 15.0 40.0
Max Q Clear Time (g_c+I1), s 5.5 7.4 5.9 8.4
Green Ext Time (p_c), s 2.5 1.1 0.5 2.4

Intersection Summary
HCM 2010 Ctrl Delay 11.0
HCM 2010 LOS B



Queues Base + B PM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Lane Group EBL EBT WBL WBT NBL NBT SBL SBT
Lane Group Flow (vph) 22 31 50 107 8 267 26 296
v/c Ratio 0.08 0.11 0.17 0.33 0.02 0.47 0.06 0.43
Control Delay 27.4 22.8 25.9 14.1 17.6 20.3 10.7 14.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Delay 27.4 22.8 25.9 14.1 17.6 20.3 10.7 14.3
Queue Length 50th (ft) 6 6 12 7 2 58 5 67
Queue Length 95th (ft) 30 33 50 54 12 166 18 136
Internal Link Dist (ft) 598 847 888 606
Turn Bay Length (ft) 100 150 100 100
Base Capacity (vph) 541 551 1083 986 760 1180 602 1551
Starvation Cap Reductn 0 0 0 0 0 0 0 0
Spillback Cap Reductn 0 0 0 0 0 0 0 0
Storage Cap Reductn 0 0 0 0 0 0 0 0
Reduced v/c Ratio 0.04 0.06 0.05 0.11 0.01 0.23 0.04 0.19

Intersection Summary

HCM 2010 Signalized Intersection Summary Base + B PM
12: N. Main St & Dinwiddie Ave 10/22/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Lane Configurations
Volume (veh/h) 20 20 8 46 28 71 7 197 49 24 251 21
Number 5 2 12 1 6 16 7 4 14 3 8 18
Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0
Ped-Bike Adj(A_pbT) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Adj Sat Flow, veh/h/ln 190.0 190.0 190.0 190.0 178.4 190.0 190.0 175.6 190.0 182.7 171.1 190.0
Adj Flow Rate, veh/h 22 22 9 50 30 77 8 214 53 26 273 23
Adj No. of Lanes 1 1 0 1 1 0 1 1 0 1 1 0
Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
Percent Heavy Veh, % 0 0 0 0 0 0 0 7 7 4 12 12
Cap, veh/h 172 122 50 217 53 137 452 389 96 376 688 58
Arrive On Green 0.10 0.10 0.10 0.12 0.12 0.12 0.29 0.29 0.29 0.04 0.44 0.44
Sat Flow, veh/h 1810 1283 525 1810 444 1139 1100 1360 337 1740 1556 131
Grp Volume(v), veh/h 22 0 31 50 0 107 8 0 267 26 0 296
Grp Sat Flow(s),veh/h/ln 1810 0 1807 1810 0 1583 1100 0 1697 1740 0 1688
Q Serve(g_s), s 0.6 0.0 0.8 1.3 0.0 3.3 0.3 0.0 7.0 0.5 0.0 6.2
Cycle Q Clear(g_c), s 0.6 0.0 0.8 1.3 0.0 3.3 0.3 0.0 7.0 0.5 0.0 6.2
Prop In Lane 1.00 0.29 1.00 0.72 1.00 0.20 1.00 0.08
Lane Grp Cap(c), veh/h 172 0 172 217 0 190 452 0 485 376 0 746
V/C Ratio(X) 0.13 0.00 0.18 0.23 0.00 0.56 0.02 0.00 0.55 0.07 0.00 0.40
Avail Cap(c_a), veh/h 517 0 516 1034 0 905 871 0 1131 800 0 1800
HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Upstream Filter(I) 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00 1.00 0.00 1.00
Uniform Delay (d), s/veh 21.8 0.0 21.9 20.9 0.0 21.8 13.5 0.0 15.9 11.5 0.0 9.9
Incr Delay (d2), s/veh 0.5 0.0 0.7 0.8 0.0 3.7 0.0 0.0 1.4 0.1 0.0 0.5
Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
%ile BackOfQ(50%),veh/ln 0.3 0.0 0.4 0.7 0.0 1.7 0.1 0.0 3.5 0.2 0.0 3.0
LnGrp Delay(d),s/veh 22.2 0.0 22.6 21.7 0.0 25.5 13.5 0.0 17.3 11.6 0.0 10.4
LnGrp LOS C C C C B B B B
Approach Vol, veh/h 53 157 275 322
Approach Delay, s/veh 22.4 24.3 17.2 10.5
Approach LOS C C B B

Timer 1 2 3 4 5 6 7 8
Assigned Phs 2 3 4 6 8
Phs Duration (G+Y+Rc), s 11.0 8.2 21.0 12.3 29.2
Change Period (Y+Rc), s 6.0 6.0 6.0 6.0 6.0
Max Green Setting (Gmax), s 15.0 15.0 35.0 30.0 56.0
Max Q Clear Time (g_c+I1), s 2.8 2.5 9.0 5.3 8.2
Green Ext Time (p_c), s 0.1 0.0 5.5 1.1 6.2

Intersection Summary
HCM 2010 Ctrl Delay 16.2
HCM 2010 LOS B



HCM 2010 TWSC Base + B PM
13: Dearing Ave & Darvills Rd 10/2/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 1

Intersection
Int Delay, s/veh 5.2
 

Movement EBT EBR WBL WBT NBL NBR
Vol, veh/h 50 59 7 43 150 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Free Free Free Free Stop Stop
RT Channelized - None - None - None
Storage Length - 100 247 - 0 -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 54 64 8 47 163 12
 

Major/Minor Major1 Major2 Minor1
Conflicting Flow All 0 0 54 0 116 54
          Stage 1 - - - - 54 -
          Stage 2 - - - - 62 -
Critical Hdwy - - 4.12 - 6.42 6.22
Critical Hdwy Stg 1 - - - - 5.42 -
Critical Hdwy Stg 2 - - - - 5.42 -
Follow-up Hdwy - - 2.218 - 3.518 3.318
Pot Cap-1 Maneuver - - 1551 - 880 1013
          Stage 1 - - - - 969 -
          Stage 2 - - - - 961 -
Platoon blocked, % - - -
Mov Cap-1 Maneuver - - 1551 - 875 1013
Mov Cap-2 Maneuver - - - - 875 -
          Stage 1 - - - - 969 -
          Stage 2 - - - - 956 -
 

Approach EB WB NB
HCM Control Delay, s 0 1 10.1
HCM LOS B
 

Minor Lane/Major Mvmt NBLn1 EBT EBR WBL WBT
Capacity (veh/h) 883 - - 1551 -
HCM Lane V/C Ratio 0.198 - - 0.005 -
HCM Control Delay (s) 10.1 - - 7.3 -
HCM Lane LOS B - - A -
HCM 95th %tile Q(veh) 0.7 - - 0 -

HCM 2010 TWSC Base + B PM
14: Dearing Ave & West 10th St 10/2/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 2

Intersection
Int Delay, s/veh 1.1
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 1 10 20 137 53 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 1 11 22 149 58 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 250 58 58 0 - 0
          Stage 1 58 - - - - -
          Stage 2 192 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 739 1008 1546 - - -
          Stage 1 965 - - - - -
          Stage 2 841 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 727 1008 1546 - - -
Mov Cap-2 Maneuver 727 - - - - -
          Stage 1 965 - - - - -
          Stage 2 828 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 8.7 0.9 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1546 - 974 - -
HCM Lane V/C Ratio 0.014 - 0.012 - -
HCM Control Delay (s) 7.4 0 8.7 - -
HCM Lane LOS A A A - -
HCM 95th %tile Q(veh) 0 - 0 - -



HCM 2010 TWSC Base + B PM
15: Business Driveway & Dearing Ave 10/2/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 3

Intersection
Int Delay, s/veh 0.9
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 21 0 0 141 56 11
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 23 0 0 153 61 12
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 220 67 73 0 - 0
          Stage 1 67 - - - - -
          Stage 2 153 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 768 997 1527 - - -
          Stage 1 956 - - - - -
          Stage 2 875 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 768 997 1527 - - -
Mov Cap-2 Maneuver 768 - - - - -
          Stage 1 956 - - - - -
          Stage 2 875 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.8 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1527 - 768 - -
HCM Lane V/C Ratio - - 0.03 - -
HCM Control Delay (s) 0 - 9.8 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0.1 - -

HCM 2010 TWSC Base + B PM
17: Dearing Ave & South Loop Rd 10/2/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 4

Intersection
Int Delay, s/veh 8.9
 

Movement EBL EBR NBL NBT SBT SBR
Vol, veh/h 151 15 0 6 1 0
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - - 0 0 -
Grade, % 0 - - 0 0 -
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2
Mvmt Flow 164 16 0 7 1 0
 

Major/Minor Minor2 Major1 Major2
Conflicting Flow All 8 1 1 0 - 0
          Stage 1 1 - - - - -
          Stage 2 7 - - - - -
Critical Hdwy 6.42 6.22 4.12 - - -
Critical Hdwy Stg 1 5.42 - - - - -
Critical Hdwy Stg 2 5.42 - - - - -
Follow-up Hdwy 3.518 3.318 2.218 - - -
Pot Cap-1 Maneuver 1013 1084 1622 - - -
          Stage 1 1022 - - - - -
          Stage 2 1016 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 1013 1084 1622 - - -
Mov Cap-2 Maneuver 1013 - - - - -
          Stage 1 1022 - - - - -
          Stage 2 1016 - - - - -
 

Approach EB NB SB
HCM Control Delay, s 9.3 0 0
HCM LOS A
 

Minor Lane/Major Mvmt NBL NBT EBLn1 SBT SBR
Capacity (veh/h) 1622 - 1019 - -
HCM Lane V/C Ratio - - 0.177 - -
HCM Control Delay (s) 0 - 9.3 - -
HCM Lane LOS A - A - -
HCM 95th %tile Q(veh) 0 - 0.6 - -



HCM 2010 TWSC Base + B PM
18: Dearing Ave & Driveway/Foley Rd 10/2/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 5

Intersection
Int Delay, s/veh 0.7
 

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR
Vol, veh/h 2 0 1 0 0 11 0 157 0
Conflicting Peds, #/hr 0 0 0 0 0 0 0 0 0
Sign Control Stop Stop Stop Stop Stop Stop Free Free Free
RT Channelized - - None - - None - - None
Storage Length - - - - - - - - -
Veh in Median Storage, # - 0 - - 0 - - 0 -
Grade, % - 0 - - 0 - - 0 -
Peak Hour Factor 92 92 92 92 92 92 92 92 92
Heavy Vehicles, % 2 2 2 2 2 2 2 2 2
Mvmt Flow 2 0 1 0 0 12 0 171 0
 

Major/Minor Minor2 Minor1 Major1
Conflicting Flow All 179 173 2 173 174 171 3 0 0
          Stage 1 2 2 - 171 171 - - - -
          Stage 2 177 171 - 2 3 - - - -
Critical Hdwy 7.12 6.52 6.22 7.12 6.52 6.22 4.12 - -
Critical Hdwy Stg 1 6.12 5.52 - 6.12 5.52 - - - -
Critical Hdwy Stg 2 6.12 5.52 - 6.12 5.52 - - - -
Follow-up Hdwy 3.518 4.018 3.318 3.518 4.018 3.318 2.218 - -
Pot Cap-1 Maneuver 783 720 1082 790 719 873 1619 - -
          Stage 1 1021 894 - 831 757 - - - -
          Stage 2 825 757 - 1021 893 - - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 772 720 1082 789 719 873 1619 - -
Mov Cap-2 Maneuver 772 720 - 789 719 - - - -
          Stage 1 1021 894 - 831 757 - - - -
          Stage 2 814 757 - 1020 893 - - - -
 

Approach EB WB NB
HCM Control Delay, s 9.2 9.2 0
HCM LOS A A
 

Minor Lane/Major Mvmt NBL NBT NBR EBLn1 WBLn1 SBL SBT SBR
Capacity (veh/h) 1619 - - 854 873 1406 - -
HCM Lane V/C Ratio - - - 0.004 0.014 - - -
HCM Control Delay (s) 0 - - 9.2 9.2 0 - -
HCM Lane LOS A - - A A A - -
HCM 95th %tile Q(veh) 0 - - 0 0 0 - -

HCM 2010 TWSC Base + B PM
18: Dearing Ave & Driveway/Foley Rd 10/2/2014

FASTC 2018 Base + B PM Int 11-18.syn Synchro 8 Light Report
Cardno GS Page 6

Intersection
Int Delay, s/veh
 

Movement SBL SBT SBR
Vol, veh/h 0 0 3
Conflicting Peds, #/hr 0 0 0
Sign Control Free Free Free
RT Channelized - - None
Storage Length - - -
Veh in Median Storage, # - 0 -
Grade, % - 0 -
Peak Hour Factor 92 92 92
Heavy Vehicles, % 2 2 2
Mvmt Flow 0 0 3
 

Major/Minor Major2
Conflicting Flow All 171 0 0
          Stage 1 - - -
          Stage 2 - - -
Critical Hdwy 4.12 - -
Critical Hdwy Stg 1 - - -
Critical Hdwy Stg 2 - - -
Follow-up Hdwy 2.218 - -
Pot Cap-1 Maneuver 1406 - -
          Stage 1 - - -
          Stage 2 - - -
Platoon blocked, % - -
Mov Cap-1 Maneuver 1406 - -
Mov Cap-2 Maneuver - - -
          Stage 1 - - -
          Stage 2 - - -
 

Approach SB
HCM Control Delay, s 0
HCM LOS
 

Minor Lane/Major Mvmt



 

D-1 

 

 

 

 

 

o Attachment D 

Turn Lane Analysis 



 



No Action Alternative
Left Turn Storage Lane Warrant

VL VO VL VO
1 4‐Lane Hwy US 460 EB Cox Rd 1 350 7 334 Figure 3‐3
1 4‐Lane Hwy US 460 WB Cox Rd 251 166 158 132 Figure 3‐3

AM
VA VO L VA VO L

2 2‐Lane Hwy Cox Rd WB Military Rd 292 85 64% 192 159 14% Yes: S=200 (PM Peak) Figure 3‐22, Figure 3‐19
3 2‐Lane Hwy Darvills Rd EB Military Rd 180 44 5% 65 81 14% No Figure 3‐11, Figure 3‐13
3 2‐Lane Hwy Darvills Rd WB Military Rd 44 180 39% 81 65 11% No Figure 3‐16, Figure 3‐12
3 2‐Lane Hwy Military Rd NB Darvills Rd 27 189 26% 191 27 30% No Figure 3‐15
3 2‐Lane Hwy Military Rd SB Darvills Rd 189 27 6% 27 191 41% No Figure 3‐11, Figure 3‐16
13 2‐Lane Hwy Darvills Rd WB Dearing Ave 50 30 4% 49 62 10% No Figure 3‐11, Figure 3‐12

Right Turn Treatment

PHV ‐ A PHV ‐ R PHV ‐ A PHV ‐ R
1 4‐Lane Hwy US 460 EB Cox Rd 166 15 132 12 Figure 3‐27
1 4‐Lane Hwy US 460 WB Cox Rd 350 2 334 6 Figure 3‐27

PHV ‐ A PHV ‐ R PHV ‐ A PHV ‐ R
2 2‐Lane Hwy Cox Rd EB Military Rd 85 2 159 2 Figure 3‐26
3 2‐Lane Hwy Darvills Rd EB Military Rd 180 130 65 12 Figure 3‐26
3 2‐Lane Hwy Darvills Rd WB Military Rd 44 8 81 14 Figure 3‐26
3 2‐Lane Hwy Military Rd NB Darvills Rd 27 1 191 18 Figure 3‐26
3 2‐Lane Hwy Military Rd SB Darvills Rd 189 5 27 10 Figure 3‐26
13 2‐Lane Hwy Darvills Rd EB Dearing Ave 30 11 62 8 Figure 3‐26

VL = Left Turning Volumne (VPH)
VO = Opposing Volume (VPH)
VA = Advancing Volume (VPH)
PHV ‐ R = Peak Hour Volume Right Turns(VPH)
PHV ‐ A = Peak Hour Volumne Approaching Total (VPH)
L = Left turn volume/VA
*VDOT Road Design Manual, Appendix F

No

No
Yes: S=200 (AM Peak)

No
No
No

Int #

Additional Treatment Required
No
No

PM

Additional Treament RequiredType Street 1 Street 2

Additional Treament 
Required

Int # Type

Int #

AM PM Exhibit Ref #*

No
No

Additional Treament RequiredInt # Type Street 1 Street 2

Exhibit Ref #*

AM PM Exhibit Ref #*

Exhibit Ref #*AM PMType Street 1 Street 2

Street 1 Street 2



Option A
Left Turn Storage Lane Warrant

VL VO VL VO
1 4‐Lane Hwy US 460 EB Cox Rd 1 485 7 383 Figure 3‐3
1 4‐Lane Hwy US 460 WB Cox Rd 386 184 207 138 Figure 3‐3

AM
VA VO L VA VO L

2 2‐Lane Hwy Cox Rd WB Military Rd 445 85 77% 247 159 33% Yes: S=200 (PM Peak) Figure 3‐22, Figure 3‐21
3 2‐Lane Hwy Darvills Rd EB Military Rd 184 48 5% 66 82 14% No Figure 3‐17, Figure 3‐19
3 2‐Lane Hwy Darvills Rd WB Military Rd 48 184 44% 82 66 12% No Figure 3‐16, Figure 3‐12
3 2‐Lane Hwy Military Rd NB Darvills Rd 78 342 10% 338 82 18% No Figure 3‐12, Figure 3‐14
3 2‐Lane Hwy Military Rd SB Darvills Rd 342 78 3% 82 338 13% No Figure 3‐11, Figure 3‐13

Right Turn Treatment

PHV ‐ A PHV ‐ R PHV ‐ A PHV ‐ R
1 4‐Lane Hwy US 460 EB Cox Rd 184 33 138 18 Figure 3‐27
1 4‐Lane Hwy US 460 WB Cox Rd 485 2 383 6 Figure 3‐27

PHV ‐ A PHV ‐ R PHV ‐ A PHV ‐ R
2 2‐Lane Hwy Cox Rd EB Military Rd 85 2 159 2 Figure 3‐26
3 2‐Lane Hwy Darvills Rd EB Military Rd 184 134 66 13 Figure 3‐26
3 2‐Lane Hwy Darvills Rd WB Military Rd 48 8 82 14 Figure 3‐26
3 2‐Lane Hwy Military Rd NB Darvills Rd 78 2 338 21 Figure 3‐26
3 2‐Lane Hwy Military Rd SB Darvills Rd 342 5 82 10 Figure 3‐26

VL = Left Turning Volumne (VPH)
VO = Opposing Volume (VPH)
VA = Advancing Volume (VPH)
PHV ‐ R = Peak Hour Volume Right Turns(VPH)
PHV ‐ A = Peak Hour Volumne Approaching Total (VPH)
L = Left turn volume/VA
*VDOT Road Design Manual, Appendix F

Int #

Exhibit Ref #*Int # Type Street 1 Street 2

Type Street 1 Street 2 AM PM
Additional Treatment Required

Exhibit Ref #*

No
Yes: S=250 (AM Peak)

PM Additional Treament 
Required

Int # Type Street 1 Street 2 AM PM Additional Treament Required Exhibit Ref #*

No
No

Int # Type Street 1 Street 2 AM PM Additional Treament Required Exhibit Ref #*

No
Yes: S=200 (AM Peak)

No
No
No



Option B
Left Turn Storage Lane Warrant

VL VO VL VO
1 4‐Lane Hwy US 460 EB Cox Rd 1 485 7 383 Figure 3‐3
1 4‐Lane Hwy US 460 WB Cox Rd 386 184 207 138 Figure 3‐3

AM
VA VO L VA VO L

2 2‐Lane Hwy Cox Rd WB Military Rd 445 85 77% 247 159 33% Yes: S=200 (PM Peak) Figure 3‐22, Figure 3‐21
3 2‐Lane Hwy Darvills Rd EB Military Rd 185 85 5% 67 210 13% No Figure 3‐11, Figure 3‐13
3 2‐Lane Hwy Darvills Rd WB Military Rd 85 185 15% 210 67 4% No Figure 3‐13, Figure 3‐11
3 2‐Lane Hwy Military Rd NB Darvills Rd 32 342 28% 204 83 30% No Figure 3‐15
3 2‐Lane Hwy Military Rd SB Darvills Rd 342 32 44% 83 204 75% No Figure 3‐16
13 2‐Lane Hwy Darvills Rd WB Dearing Ave 54 169 19% 50 109 14% No Figure 3‐14, Figure 3‐13

Right Turn Treatment

PHV ‐ A PHV ‐ R PHV ‐ A PHV ‐ R
1 4‐Lane Hwy US 460 EB Cox Rd 184 33 138 18 Figure 3‐27
1 4‐Lane Hwy US 460 WB Cox Rd 485 2 383 6 Figure 3‐27

PHV ‐ A PHV ‐ R PHV ‐ A PHV ‐ R
2 2‐Lane Hwy Cox Rd EB Military Rd 85 2 159 2 Figure 3‐26
3 2‐Lane Hwy Darvills Rd EB Military Rd 185 135 67 14 Figure 3‐26
3 2‐Lane Hwy Darvills Rd WB Military Rd 85 53 210 144 Figure 3‐26
3 2‐Lane Hwy Military Rd NB Darvills Rd 32 0 204 14 Figure 3‐26
3 2‐Lane Hwy Military Rd SB Darvills Rd 342 5 83 10 Figure 3‐26
13 2‐Lane Hwy Darvills Rd EB Dearing Ave 169 151 109 59 Figure 3‐26

VL = Left Turning Volumne (VPH)
VO = Opposing Volume (VPH)
VA = Advancing Volume (VPH)
PHV ‐ R = Peak Hour Volume Right Turns(VPH)
PHV ‐ A = Peak Hour Volumne Approaching Total (VPH)
L = Left turn volume/VA
(a) No existing right turn lane. Minimum storage would be 100 feet per VDOT Road Design Manual, Appendix F, Table 3‐1

*VDOT Road Design Manual, Appendix F

Yes: S=200 (AM Peak)

Yes: S=200 (AM Peak)
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No
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SECTION 3 – TURNING LANES
Turn Lane Criteria for Single and Dual Lanes
As a general policy, left-turn lanes are to be provided for traffic in both directions in the design 
of median crossovers and in one direction for directional median openings (see Figure 3-25
illustration) on non-access controlled four-lane or greater divided highways using controls as 
shown in Figure 3-1 and adjusted upward as determined by Figure 3-3 or by capacity 
analysis for left-turn storage. 

Left-turn lanes should also be established on two-lane and four lane undivided highways
where needed for storage of left-turn vehicles and/or prevention of thru-traffic delay as shown 
in Figure 3-1 and adjusted upward as determined by Table 3-1 and Figure 3-5 through 3-22
or by capacity analysis for left-turn storage. 

LENGTH OF STORAGE TAPER - Rural 

Rural - For Design Speeds
50 MPH or Higher

*L - 200' min. (For 240 or fewer
vehicles during peak hour,

making turn)

- For Design Speeds
35 MPH or Higher **T - 200' Min.

Rural - For Design Speeds
45 MPH or Less 

*L - 100' min. (For 60 or fewer
vehicles during peak hour,

making turn)

- For Design Speeds
30 MPH or Less

**T - 100' Min. 
(single)

**T - 200’ Min. (dual)

*Distance L to be adjusted upward as determined by capacity 
analysis for Left and Right Turn Storage.

**Tapers are to be straight-line unless local 
policy requires reverse curves. In 

congested areas the taper length may be 
reduced to increase storage length. 
However, a design waiver shall be 

required.

LENGTH OF STORAGE TAPER - Urban

Urban - Length determined by capacity analysis for Left and Right
Turn Storage (100’ Minimum)

- For Design Speeds
50 MPH or Higher **T - 200' Min.

- For Design Speeds
45 MPH or Less

**T - 100' Min. 
(single)

**T - 150’ Min. (dual)

FIGURE 3-1 TURN LANE CRITERIA FOR SINGLE AND DUAL LANES

Taper rates: Rural - 8:1 for design speeds 30 mph and less, 15:1 for design speeds 35 
mph and greater. Urban - 8:1 for design speeds 45 mph and less, 15:1 for design 
speeds 50 mph and greater. For urban dual lane taper (150’ min.), See 2011 AASHTO
Green Book, Chapter 9, Section 9.7.1, page 9-127. *

Note: Taper lengths shown above were compiled using these formulas and were 
rounded up.

* Rev. 1/14
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Warrants for Left Turn Storage Lanes on Four-Lane Highways

FIGURE 3-3 WARRANTS FOR LEFT TURN STORAGE LANES ON FOUR-LANE 
HIGHWAYS

Figure 3-3 was derived from Highway Research Report No. 211.

Opposing volume and left turning volume in vehicles per hour (VPH) are used for left 
turn storage lane warrants on four-lane highways.

For plan detail requirements when curb and/or gutter are used, see VDOT’s Road 
Design Manual, Section 2E-3 on the VDOT web site:
http://www.virginiadot.org/business/locdes/rdmanual-index.asp.

Left-turn lanes should also be established on two-lane highways where traffic volumes 
are high enough to warrant them.

Deleted Information*

* Rev. 1/14

At-Grade, Unsignalized 
intersections
S=Storage Length Required
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-5

FIGURE 3-6
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-7

FIGURE 3-8
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-9

FIGURE 3-10
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-11

FIGURE 3-12
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-13

FIGURE 3-14
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-15

FIGURE 3-16
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-17

FIGURE 3-18
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-19

FIGURE 3-20
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WARRANT FOR LEFT-TURN STORAGE LANES ON TWO-LANE HIGHWAY

FIGURE 3-21

FIGURE 3-22



F-96

Appropriate Radius required at all Intersections and Entrances (Commercial or Private).

LEGEND

PHV - Peak Hour Volume (also Design Hourly Volume equivalent)

Adjustment for Right Turns

For posted speeds at or under 45 mph, PHV right turns > 40, and 
PHV total < 300.
Adjusted right turns = PHV Right Turns - 20
If PHV is not known use formula: PHV = ADT x K x D

K = the percent of AADT occurring in the peak hour
D = the percent of traffic in the peak direction of flow

Note: An average of 11% for K x D will suffice.

FIGURE 3-26 GUIDELINES FOR RIGHT TURN TREATMENT (2-LANE HIGHWAY)

NO TURN LANES
OR TAPERS REQUIRED
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Appropriate Radius required at all Intersections and Entrances (Commercial or Private).

LEGEND

PHV- - Peak Hour Volume (also Design Hourly Volume equivalent)

Adjustment for Right Turns

If PHV is not known use formula: PHV = ADT x K x D
K = the percent of AADT occurring in the peak hour
D = the percent of traffic in the peak direction of flow

Note: An average of 11% for K x D will suffice.

FIGURE 3-27 GUIDELINES FOR RIGHT TURN TREATMENT (4-LANE HIGHWAY)

NO TURN LANES OR 
TAPERS REQUIRED
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PREFACE TO APPENDIX I, AIR QUALIY ANALYSIS 

Air quality analysis was conducted in 2012 to determine projected future emissions, including those 
from construction and operation activities. The Proposed Action of this Supplemental Draft EIS includes 
all of the same types of air emissions activities that were analyzed in the 2012 Draft EIS. Air emissions 
were analyzed, where applicable, based on proposed construction activities and operational emissions 
that would occur during full operation. The activities were estimated from alternatives concepts as they 
were being developed. Detail calculations of total construction activities have continued to evolve. Since 
Build Alternative 3 includes a smaller building footprint (no housing component, for example) and fewer 
fulltime employees than did Build Alternatives 1 and 2 presented in the 2012 Draft EIS, emissions would 
be expected to be less than those quantified and presented in this appendix. Therefore, the 2012 air 
quality analysis generally represents the air quality effects from Build Alternative 3. 

Appendix I I-3 January 2015 
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CHAPTER 1   INTRODUCTION 1 

The United States (U.S.) General Services Administration (GSA) is proposing to acquire land and develop 2 

a U.S. Department of State (DOS), Bureau of Diplomatic Security (DS) Foreign Affairs Security Training 3 
Center (FASTC) in Nottoway County, Virginia. The proposed location is near the town of Blackstone 4 

within and adjacent to the Army National Guard (ARNG) Maneuver Training Center (MTC) Fort Pickett, 5 
which is operated by the Virginia Army National Guard (VAARNG). The development of FASTC would 6 

establish a consolidated training center from which DS may efficiently conduct training for a wide array 7 
of DS law enforcement and security disciplines to meet increased demand for well-trained personnel. 8 

Currently, DS training functions are conducted in 19 separate leased and contracted training facilities 9 
dispersed around the country. The proposed FASTC would consolidate training functions at one central 10 
facility.  11 

 PURPOSE AND NEED 1.112 

The purpose of the proposed FASTC in Nottoway County is to consolidate existing dispersed training 13 
functions into a single suitable location to improve training efficiency and enhance training operations. 14 

The proposed FASTC is needed to meet the increased demand for well-trained security personnel. The 15 
consolidated center would provide training for 8,000-10,000 students per year. FASTC would include 16 
driving tracks, firing ranges, mock urban environments, explosives ranges, classrooms, simulation labs, a 17 

fitness center, administrative offices, dormitories, a dining hall, and emergency response facilities.      18 

To accommodate these facilities, a minimum of 1,500 developable acres would be required for the 19 

programmatic needs and for appropriate safety buffers and security perimeters surrounding the facility. 20 
DOS also requires proximity to Washington, D.C., specifically a site within a four hour drive and 220 21 

miles of DS headquarters in Arlington, Virginia.   22 

 DESCRIPTION OF ALTERNATIVES 1.223 

The alternatives fully evaluated include no action as well as two build alternatives. The two build 24 
alternatives consist of varied layouts according to the programmatic requirements of the proposed 25 

FASTC facility with site designs that have potential to have the least environmental impact.  26 

Under the No Action Alternative, the proposed FASTC would not be established and DOS would continue 27 

training operations at existing dispersed facilities. The parcels of land at Fort Pickett and Nottoway 28 
County being considered for the build alternatives would not be developed by GSA and DOS, and the 29 

existing air quality would remain unchanged. 30 

Under Build Alternative 1, the training of domestic and overseas staff and students would occur at the 31 

site in hard skills and soft skills facilities proposed for ARNG MTC Fort Pickett Parcel 21/20 comprising 32 
approximately 570 acres, and Nottoway County’s LRA Parcel 9 in Pickett Park, which encompasses 750 33 

acres. Classrooms, administration buildings and dormitories would form a “Main Campus” that would be 34 
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centrally located on a plateau along the western boundary of the Parcel 21/20. Firing Ranges would be 1 
located in the east-central portion of Parcel 21/20, northeast of the Main Campus. Explosives Ranges 2 

would be located in the northern portion of Parcel 21/20. Access to the Explosives Ranges from the 3 
Firing Ranges and Main Campus is achieved with a combination of new roads and existing tank trails.  4 

Build Alternative 2 includes all of the FASTC program elements that are included in Build Alternative 1, 5 
but the proposed sites would include Parcel 21/20, LRA Parcel 9 and also LRA Parcel 10, a 135 acre 6 
parcel also owned by Nottoway County. The major difference under Build Alternative 2 is the location of 7 
the Main Campus. Rather than be located on the 21/20 parcel, the Main Campus would be located on 8 
LRA Parcel 10, west of LRA Parcel 9 on West Entrance Road.  9 

Build Alternative 1 and Build Alternative 2 would have identical air emissions and are analyzed together 10 
in this report as “Build Alternatives”  11 
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CHAPTER 2 DESCRIPTION OF EXISTING DATA/USE OF BEST AVAILABLE DATA 1 

 2 

The data used for the air quality construction analysis were obtained from the following resources: 3 

• FASTC_Building_List_by_Phase_12_20_11_w_pkg_2-9-2012. 2012. Cardno TEC, Inc.; 4 

•  FASTC IllustrativePlan_January_2012; and 5 

• Updated Building Phasing Table dated 4-20-12. 6 

Based on the data provided in these documents, assumptions for construction were derived and are 7 
listed in the Appendix A. Appendix A also contains calculations used for both construction and 8 

operations.  Detailed construction assumptions are located in Appendix A, Tab G and identify where 9 
these references were used as resources for information. 10 

Operational data were obtained using best engineering practices in conjunction with the following 11 
resources: 12 

• FASTC Trip Gen 2-6-2012.xls; 13 

• Noise Modeling Data Validation Package for FASTC EIS/MP;  14 

• Firing Ranges.xls; and 15 

• FASTC_Building_List_by_Phase_12_20_11_w_pkg_2-9-2012. 2012.  16 

In addition, technical resources used to calculate air quality emissions can be found in Section 6, 17 

References.  18 
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CHAPTER 3 STANDARDS AND METHODS OF IMPACTS ANALYSIS 1 

 AIR QUALITY STANDARDS 3.12 

 National Ambient Air Quality Standards 3.1.13 

Air quality is defined by ambient air concentrations of specific pollutants determined by the U.S. 4 
Environmental Protection Agency (USEPA) to be of concern related to the health and welfare of the 5 
general public and the environment and are widespread across the U.S. The primary pollutants of 6 
concern, called “criteria pollutants,” include carbon monoxide (CO), sulfur dioxide (SO2), nitrogen 7 
dioxide (NO2), ozone (O3), particulate matter less than or equal to 10 microns in diameter (PM10), 8 
particulate matter less than or equal to 2.5 microns in diameter (PM2.5), and lead (PB). Under the Clean 9 
Air Act (CAA), the USEPA has established National Ambient Air Quality Standards (NAAQS) (40 Code of 10 
Federal Regulations [CFR] Part 50) for these pollutants. These standards represent the maximum 11 
allowable atmospheric concentrations that may occur while ensuring protection of public health and 12 
welfare, with a reasonable margin of safety. Short-term standards (1-, 8-, and 24-hour periods) are 13 
established for pollutants contributing to acute health effects, while long-term standards (quarterly and 14 
annual averages) are established for pollutants contributing to chronic health effects. The Virginia 15 
Department of Environmental Quality has adopted the NAAQS, which are presented in Table 3.2-1. 16 

Table 3.1-1  National Ambient Air Quality Standards 

Pollutant Averaging Time Primary Standards Secondary Standards 

CO 8-hr 9 ppm  (10 mg/m3)  
None 1-hr 35 ppm (40 mg/m3) 

Pb Rolling 3-Month  
Average 0.15 µg/m3 Same as Primary 

NO2 
Annual  

(arithmetic average) 53 ppb Same as Primary 

1-hr 100 ppb None 
PM10 24-hr 150 µg/m3 Same as Primary 

PM2.5 
Annual  

(arithmetic average) 15.0 µg/m3 Same as Primary 

24-hr 35 µg/m3 Same as Primary 
O3 8-hr 0.075 ppm Same as Primary 

SO2 

Annual  
(arithmetic average) 0.03 ppm None 

24-hr 0.14 ppm None 
3-hr None 0.5 ppm 
1-hr 75 ppb None 

Source: USEPA 2011 
Notes: ppb – parts per billion; ppm –  parts per million; mg/m3–  milligrams per cubic meter; µg/m3 –  micrograms per cubic 

meter  

In addition to the ambient air quality standards for criteria pollutants, national standards exist for 17 
hazardous air pollutants (HAPs) which are regulated under Section 112(b) of the 1990 CAA 18 
Amendments. The National Emission Standards for Hazardous Air Pollutants (NESHAPs) regulate HAP 19 
emissions from stationary sources (40 CFR Part 61 and 63). HAPs emitted from mobile sources are called 20 
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Mobile Source Air Toxics (MSATs); these are compounds emitted from highway vehicles and non-road 1 
equipment that are known or suspected to cause cancer or other serious health and environmental 2 
effects. In 2001, USEPA issued its first MSAT Rule, which identified 21 compounds as being HAPs that 3 
required regulation. A subset of six of these MSAT compounds were identified as having the greatest 4 
influence on health and include benzene; 1,3-butadiene; formaldehyde; acrolein; acetaldehyde; and 5 
diesel particulate matter (DPM). In February 2007, USEPA issued a second MSAT Rule which generally 6 
supported the findings in the first rule and provided additional recommendations of compounds having 7 
the greatest impact on health. The rule also identified several engine emission certification standards 8 
that must be implemented.  9 

Unlike the criteria pollutants, there are no NAAQS for benzene and other HAPs. The primary control 10 
methodologies instituted by federal regulation for MSATs involve technological improvements for 11 
reducing their content in fuel and altering engine operating characteristics to reduce the volume of 12 
pollutants generated during combustion.  13 

 Greenhouse Gases 3.1.214 

Greenhouse Gases (GHGs) are gas emissions that trap heat in the atmosphere. These emissions occur 15 
from natural processes and human activities. Scientific evidence indicates a trend of increasing global 16 
temperature over the past century due to an increase in GHG emissions from human activities. The 17 
climate change associated with this global warming is predicted to produce negative economic and 18 
social consequences across the globe.  19 

USEPA issued the Final Mandatory Reporting of Greenhouse Gases Rule on September 22, 2009. GHGs 20 
covered under the Final Mandatory Reporting of Greenhouse Gases Rule are CO2, methane, and nitrous 21 
oxide, and hydrofluorocarbons, perfluorocarbons, sulfur hexafluoride and other fluorinated gases 22 
including nitrogen trifluoride and hydrofluorinated ethers. Each GHG is assigned a global warming 23 
potential (GWP). The GWP is the ability of a gas or aerosol to trap heat in the atmosphere. The GWP 24 
rating system is standardized to CO2, which has a value of one. For example, CH4 has a GWP of 21, which 25 
means that it has a global warming effect 21 times greater than CO2 on an equal-mass basis. The 26 
equivalent CO2 rate is calculated by multiplying the emission of each GHG by its GWP and adding the 27 
results together to produce a single, combined emission rate representing all GHGs. Under the rule, 28 
suppliers of fossil fuels or industrial GHGs, manufacturers of mobile sources and engines, and facilities 29 
that emit 25,000 metric tons or more per year of GHG emissions as CO2 equivalent (CO2e) are required 30 
to submit annual reports to USEPA.  31 

On a national scale, federal agencies are addressing emissions of GHGs by reductions mandated in 32 
federal laws and Executive Orders. Most recently, Executive Order 13423 Strengthening Federal 33 
Environmental, Energy, and Transportation Management, and Executive Order 13514, Federal 34 
Leadership in Environmental, Energy, and Economic Performance, were enacted to address GHGs, 35 
including GHG emissions inventory, reduction, and reporting. 36 

GHG emissions occur locally, but GHG impacts are both global in scale and cumulative over time.  37 
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 Regional Air Quality 3.1.31 

Air quality in a given location is described by the concentration of various pollutants in the atmosphere. 2 
A region’s air quality is influenced by many factors including the type and amount of pollutants emitted 3 
into the atmosphere, the size and topography of the air basin, and the prevailing meteorological 4 
conditions. Pollutant emissions typically refer to the amount of pollutants or pollutant precursors 5 
introduced into the atmosphere by a source or group of sources. Pollutant emissions contribute to the 6 
ambient air concentrations of criteria pollutants, either by directly affecting the pollutant concentrations 7 
measured in the ambient air or by interacting in the atmosphere to form criteria pollutants. Primary 8 
pollutants, such as CO, SO2, Pb, and some particulates, are emitted directly into the atmosphere from 9 
emission sources. Secondary pollutants, such as O3, NO2, and some particulates are formed through 10 
atmospheric chemical reactions that are influenced by meteorology, ultraviolet light, and other 11 
atmospheric processes.  12 

 AIR QUALITY IMPACT ANALYSIS METHODS 3.213 

Air quality impacts were estimated for the two primary elements associated with the FASTC Build 14 
Alternatives:  construction and operations.  The following is a discussion of the assumptions, references, 15 
and methods used to perform the air emission estimate calculations. 16 

 Construction 3.2.117 

Air quality impacts from proposed construction activities were estimated from (1) combustion emissions 18 
due to the use of fossil fuel-powered equipment; (2) fugitive dust emissions (PM10 and PM2.5) during 19 
earth-moving activities, and the operation of equipment on bare soil; and (3) volatile organic chemical 20 
(VOC) emissions from application of asphalt materials during paving operations. 21 

Factors needed to derive the construction source emission rates were obtained from USEPA NONROAD 22 
2008a Model (EPA 2008a); USEPA Motor Vehicle Emission Simulator (MOVES) (EPA 2010); Federal 23 
Greenhouse Gas Accounting and Reporting Guidance:  Technical Support Document (Council on 24 
Environmental Quality 2010); Comparison of Asphalt Paving Emission Factors (CARB 2005); Western 25 
Regional Air Partnership (WRAP) Fugitive Dust Handbook (WRAP 2004) and Analysis of the Fine Fraction 26 
of Particulate Matter in Fugitive Dust (MRI 2005).   27 

The analysis assumed that all construction equipment was manufactured in 2010.  This approach is 28 
based on the well-known longevity of diesel engines.  The analysis also inherently reduced PM10 fugitive 29 
dust emissions from earth-moving activities by 50 percent as this control level is included in the 30 
emission factor itself in the form of wetting. 31 

Productivity rates for equipment were derived from the 2012 National Construction Estimator, 32 
Craftsman Book Company. 33 

Off-Road Equipment Emissions.  The NONROAD model (EPA 2008a) is the EPA standard method for 34 
preparing emission inventories for mobile sources that are not classified as being related to on-road 35 
traffic, railroads, air traffic, or water-going vessels. As such, it is the starting place for quantifying 36 
emissions from construction-related equipment. The NONROAD model uses the following general 37 
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equation to estimate emissions separately for CO, nitrogen oxide (NOx), PM10, PM2.5, and total 1 
hydrocarbons, nearly all of which are non-methane hydrocarbons.  2 

EMS = EF * HP * LF * Act * DF 3 

Where: 4 

EMS = estimated emissions 5 

EF = emissions factor in grams per horsepower hours 6 

HP = peak horsepower 7 

LF = load factor (assumed percentage of peak horsepower) 8 

Act = activity in hours of operation per period of operation 9 

DF = deterioration factor 10 

NONROAD2008a emissions factors assume a technology year of 2005 for the construction years. This 11 
includes a mix of Tier 0, Tier 1, and Tier 2 engines. 12 

Default NONROAD2008a national equipment population for 2012 utilized for all activities as the 13 
assumed equipment population mix. 14 

It is assumed that the equipment in use in 2012 is most likely the equipment in use in 2020.  Heavy Duty 15 
Diesels typically have a 15 year service life. 16 

Construction calculations were performed for the Build Alternatives.     17 

Fugitive Dust.  Emission rates for fugitive dust were estimated using guidelines outlined in the WRAP 18 
fugitive dust handbook (WRAP 2004) and AP-42, Volume 1, Section 13.2.2 (USEPA 1995).  The 19 
methodology used in the WRAP Handbook assumes standard dust mitigation best practices activities of 20 
50 percent from wetting.  The WRAP handbook offers several options for selecting factors for PM10 21 
(coarse PM) depending on what information is known.   22 

After PM10 is estimated, the fraction of fugitive dust emitted as PM2.5 is estimated, the most recent 23 
WRAP study (MRI 2005) recommends the use of a fractional factor of 0.10 to estimate the PM2.5 portion 24 
of the PM10.  The WRAP factors were used to estimate fugitive dust emissions from land disturbance 25 
activities. 26 

For site preparation activities, the emission factor was obtained from Table 3-2 of the WRAP Fugitive 27 
Dust Handbook.  The areas of disturbance and approximate durations were used, resulting in the 28 
selection of the first factor with worst-case conditions for use in the analysis.  29 

VOC Emissions from Paving.  VOC emissions from the application of hot mix asphalt were calculated for 30 
the construction of the roads and tracks.  The estimates used the published CARB hot mix asphalt 31 
emission factor.   32 

Construction Workers – Mobile Sources.  Mobile source emissions were calculated for construction 33 
workers for each of the construction years.  These emissions assumed that each worker drove their own 34 
car or participated in a carpool.  The average mileage driven each workday is assumed to be 80 miles 35 
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round trip for workers coming from the Richmond/Petersburg, VA area.  Emission factors were derived 1 
from the USEPA MOVES mobile emissions model for the years 2004 -2019.   2 

 Operations  3.2.23 

Operations evaluated for air emissions include emissions from emergency generators, boilers, ordnance 4 
detonation, instructors and staff personally owned vehicles and vehicles used on the tracks.   5 

Generator Emissions.  Seven generators, ranging from 13 kilowatt (kW) to 700 kW would run diesel fuel 6 
for up to 146 hours per year, total.  To calculate emissions, factors from AP-42, Volume 1, Section 3.3, 7 
Gas and Diesel Industrial Engines and Section 3.4, Large Stationary Diesel and All Stationary Dual-fuel 8 
Engines were used with an assumed load factor of 50 percent.  9 

Boiler Emissions.  Eighteen boilers, ranging from 0.18 to 3.35 thousand British thermal units (BTU)/hr 10 
would provide hot water and heat to the buildings.  To calculate emissions, factors from AP-42, Volume 11 
1, Section 1.3, Fuel Oil Combustion were used.   12 

Ordnance Detonation Emissions.  Ordnance detonation would include both firing ranges and explosives.  13 
Emissions factors from AP-42, Volume 1, Section 15.1, Small Cartridges <30 millimeter were used for 14 
firing range ordnance. VOCs are not included in AP-42 emissions factors for ordnance and therefore are 15 
not calculated. Explosives proposed primarily consist of C2 and C4 detasheets, with very small amounts 16 
of black power and flash bangs. Detasheet is a proprietary flexible rubberized explosive, somewhat 17 
similar to plastic explosives, originally manufactured by DuPont. It is now manufactured by another 18 
company, and the ingredients are primarily pentaerythritol (PETN) (>60%) with nitrocellulose and a 19 
binder. Detonation of these explosive materials generates carbon monoxide. It has been estimated that 20 
on average approximately 297 pounds of carbon monoxide are released for every ton of PETN 21 
detonated (EPA 1995).  The quantity of Detasheet proposed for use at FASTC would be less than 350 22 
pounds a year.  Thus the amount of CO and any other minor constituent that would be released would 23 
only total a few pounds per year.  Emissions from explosives detonation are therefore negligible and are 24 
not further quantified. 25 

Personally Owned Vehicles and Shuttle Emissions – Mobile Sources.  Mobile source emissions were 26 
calculated for instructors, staff and students.  These emissions assumed that instructors and staff drove 27 
their own car or participated in a carpool.  The average mileage driven each workday ranges from 40 to 28 
45 miles round trip.  Students were assumed to drive their own cars only to the site at the beginning and 29 
end of each training session or arrive on a shuttle.  During the training sessions, students were assumed 30 
to arrive on site using shuttles and be transported from dorms on shuttles.  Emission factors were 31 
derived from the USEPA MOVES mobile emissions model for the years 2006-2019.   32 

Track Emissions – Mobile Sources.  Mobile source emissions were calculated for the training tracks.  33 
These emissions assumed that the tracks operate 250 days a year.  Cars were assumed on paved tracks 34 
and sports utility/pickups were assumed on unpaved tracks.  Emission factors were derived from the 35 
USEPA MOVES mobile emissions model for the years 1987-2016.   36 

FASTC operation emissions would come from mobile sources, generators and boilers.  Mobile source 37 
emissions would include commuters from northern Virginia/DC, staff commuting to work from within 38 
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the regional area, students commuting onsite from local hotels, and from training activities such as 1 
ordnance detonation and operation of the driver training courses.  Assumptions used in the analysis of 2 
operational emissions are as follows: 3 

• The generators would run 0.5 hours per week for testing and maintenance and 120 hours a year 4 
for power outages;  5 

• The generators would supply power for 25 percent of the building load at 8 watts per square 6 
foot (SF) for buildings A10 and S04, at 10 watts per SF for building A07, and  at 4 watts per SF for 7 
building S01;  8 

• The generators would supply power for 100 percent of the building load at 80 watts per SF for 9 
building I07;  10 

• The generators would run at 50 percent load; 11 

• The boilers would provide heating and hot water, 10 hours per day from October 15 through 12 
April 14 and hot water only 2 hours per day April 15 through October 14 for buildings A01, I07, 13 
S04, A02, A03, and R06; 14 

• Boilers in the dormitories, A06a, A06b, A06c, A06d, A06e, A06f would provide heating and hot 15 
water, 10 hours per day from October 15 through April 14 and hot water only 5 hours per day 16 
April 15 through October 14; 17 

• The boiler in the dining facility, A07 would provide heating and hot water, 10 hours per day from 18 
October 15th through April 14 and hot water only 6 hours per day April 15 through October 14; 19 

• Boilers were sized at 20 BTU per SF for buildings A01, S04, A02, and A03;  30 BTU per SF for 20 
building A07, 10 BTU per SF for building I07, 25 BTU per SF for buildings A06a, A06b, A06c, A06d, 21 
A06e, and A06f, and 15 BTU per SF for building R06. 22 

• Ninety percent of the instructors and support staff would live within 50 miles of the site.   23 

• In Phase 1, some students would be housed in local hotels and transported daily to the site 24 
using 25-passenger shuttle buses.  At full operation, 250 students would be housed at local 25 
hotels and transported daily to the site using 10-12, 25-passenger shuttle buses and 450 26 
students would be housed at the site in dormitories.  Students staying in the dormitories would 27 
arrive to the site on Sunday and depart on Friday; 60 percent would be bused and 40 percent 28 
would use their personal vehicles. 29 

• Driver training tracks would be expected to be used 250 days per year. 30 

  31 
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CHAPTER 4 EXISTING CONDITIONS 1 

The study area for the air quality analysis includes the Central Virginia Intrastate Air Quality Control 2 
Region which is defined in 40 CFR Part 81.143, and comprises several counties, including Brunswick, 3 
Lunenburg and Nottoway counties along with associated towns and cities. Air quality in the study area is 4 
considered good, and the study area designated as unclassifiable, attainment, or better than national 5 
standards for all criteria pollutants (40 CFR 81.347).  Because the study area is in attainment for all 6 
criteria pollutants, the CAA General Conformity Rule (40 CFR Parts 51 and 93) does not apply and is not 7 
addressed in this air quality analysis. 8 

The area is characterized by a rural economy.  One of the largest employers is Fort Pickett.  Service and 9 
logging are two of the economic sectors that predominate in the region, with few sizeable industries.  10 
For this reason, the area does not have a significant number of stationary sources of air pollution.  Only 11 
Interstate 85, which runs southwest of Petersburg, is within reasonable proximity of the area and the 12 
lack of high speed transportation routes impacts the viability of manufacturing growth.  Many of the 13 
residents are either employed in small businesses or commute to other areas to work.  Both Lunenburg 14 
and Brunswick Counties have substantial numbers of residents who commute outside of the localities to 15 
work (VEC 2012).  Nottoway County has a similar number of individuals commuting into the area and 16 
commuting out of the area for work, primarily due to the number of individuals who work at Fort Pickett 17 
(VEC 2012b,c). 18 
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CHAPTER 5 IMPACT ANALYSIS RESULTS 1 

This section provides a description of the impacts associated with implementation of the Build and No 2 

Action Alternatives. The analysis evaluates projected future emissions, including construction and 3 
operations, to determine potential impacts. Air quality impacts would be significant if emissions 4 
associated with the Build Alternative would:  1) increase ambient air pollution concentrations above the 5 

NAAQS, 2) impair visibility within federally-mandated Prevention of Significant Deterioration Class I 6 
areas, 3) result in the potential for any stationary source to be considered a major source of emissions 7 

as defined in 40 CFR Part 52.21 (total emissions of any pollutant subject to regulation under the CAA 8 
that is greater than 250 tons per year for attainment areas), or 4) for mobile source emissions, result in 9 

an increase in emissions to exceed 250 tons per year for any pollutant. 10 

Pollutants considered in this analysis include the criteria pollutants. Airborne emissions of Pb are only 11 

evaluated for ordnance detonation because the only Pb emission source associated with the Build 12 
Alternatives is the firing ranges. 13 

For criteria pollutant emissions, 250 tons per year per pollutant was used as a comparative analysis 14 
threshold.  This value is used by the USEPA in their New Source Review standards as an indicator for 15 

impact analysis for listed new major stationary sources in attainment areas.  No similar regulatory 16 
threshold is available for mobile source emissions, which are the primary sources for the construction 17 

phases, and also a component of operational emissions for the Build Alternatives.  Lacking any mobile 18 
source emissions thresholds, the 250 tons per year major stationary source threshold was used to 19 

equitably assess and compare mobile source emissions.   20 

Pollutants would be generated by numerous sources, including diesel exhaust from construction 21 
equipment, gasoline exhaust from the driving tracks and operations such as generators and boilers. In 22 

general, VOC, CO, NOx, and SO2 emissions are primarily generated by diesel-fueled heavy equipment 23 
operating in construction areas. Particulate matter emissions, in the form of PM10 and PM2.5 are 24 

primarily due to fugitive dust created by land disturbance activities, which include land clearing, soil 25 
excavation, cutting, filling, trenching, and grading. The fugitive dust emission factor for PM10, which is 26 

used as part of the PM2.5 calculation (MRI 2005), is assumed to include the effects of typical control 27 
measures such as routine site watering for dust control. A dust control effectiveness of 50 percent is 28 

assumed, based on the estimated control effectiveness of watering (WRAP 2004). Other sources of 29 
emissions include diesel emissions from heavy construction equipment and tailpipe emissions from 30 

construction worker personally owned vehicles.  Because of the rural nature of the site and the level of 31 
development, the emissions associated with construction workers commuting to the area to work were 32 

included in the analysis. 33 

MSATs would be the primary HAPs emitted by vehicles during construction and operations. The 34 

equipment used during construction would likely vary in age and have a range of pollution reduction 35 
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effectiveness. Construction equipment, however, would be operated intermittently over a large area 1 
and would produce negligible ambient HAPs in a localized area.  Operational equipment, including 2 

vehicles driven by commuters, is anticipated to be primarily newer equipment (post-2010 model year) 3 
that generate lower emissions and would also produce negligible ambient HAPs.  Therefore MSAT 4 

emissions are not considered further in this analysis. 5 

Air emissions were analyzed, where applicable, based on construction activities that would be required 6 

in order to implement the Build Alternatives and the operational emissions for FASTC once it would be 7 
fully built out and implemented. 8 

 BUILD ALTERNATIVES CONSTRUCTION 5.19 

Emissions from construction would include combustion emissions due to use of fossil fuel-powered 10 

equipment and fugitive dust emissions (PM10 and PM2.5) during clearing, demolition activities, earth 11 
moving activities, and operation of equipment on bare soil.  Construction would occur throughout the 12 

period 2014-2020 and would be segmented into three phases, with most construction activity occurring 13 
in Phase 1. Design of the proposed FASTC has not yet been initiated and the final phasing plan would 14 

continue to be developed as part of the master planning process; therefore, the actual phasing scenario 15 
may vary. Table 5.1-1 presents the primary construction activities that would utilize heavy duty diesel 16 

equipment for the Build Alternatives, by phase. 17 

Table 5.1-1 Construction Activity Estimates for FASTC Build Alternatives 18 

Phase Clearing 
(AC) 

Grading 
(SF) 

Building 
Demolition 

(SF) 

Asphalt- 
Concrete 

Demo (SF) 

Building 
Construction 

(SF) 
Paving (SF) 

Phase 1  736 8,836,808 98,828 580,304 1,042,088 4,361,628 
Phases 2 & 3  244 1,283658 8,732 28,776 1,234,603 244,976 

 19 

Table 5.1-2 presents the construction emission estimates for the Build Alternatives, by year. 20 

Table 5.1-2 Construction Emission Estimates for FASTC Build Alternatives 21 

Year VOC 
tons/yr 

CO 
tons/yr 

NOx 

tons/yr 
SO2 

tons/yr 
PM10 

tons/yr 
PM2.5 

tons/yr 
2014 2.93 36.34 35.00 0.77 148.11 16.53 
2015 2.91 34.71 34.85 0.77 148.12 16.54 
2016 3.49 54.44 44.82 0.97 153.83 17.50 
2017 4.16 69.29 55.79 1.21 182.36 20.76 
2018 1.27 35.44 21.01 0.44 34.25 4.29 
2019 0.69 15.61 11.15 0.24 28.55 3.33 
2020 0.69 15.12 11.13 0.24 28.54 3.32 

Significance 
Threshold 250 250 250 250 250 250 

  22 
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Fugitive dust from land disturbance activities would be the primary source of emissions during 1 
construction. Most fugitive dust emissions would occur during Phase 1, which would involve disturbance 2 

of over 1,100 acres.  PM10 emissions are estimated using wetting to reduce dust release by 50 percent.  3 
PM10 emissions are predicted to be greatest in 2017, at 182.36 tons per year.  These emissions however, 4 

would remain well below the significance threshold of 250 tons per year.  Construction emissions would 5 
not have a significant impact on the region’s air quality. 6 

 BUILD ALTERNATIVES OPERATIONS 5.27 

Table 5.2-3 presents the annual emission estimates for FASTC during the years 2017-2020, when both 8 

construction and operations are ongoing.  Operational activities included in this table are the commuter 9 
traffic as well as track operation, both of which would be phased in over time with increasing activity as 10 

the bulk of the FASTC complex becomes operational.  Boiler and emergency generator operations have 11 
been included at 100 percent beginning in 2017 even though the entire complex is not complete at that 12 

time, as it has not been determined exactly when each building that would include these sources would 13 
become operational. The stationary sources, however, represent the smallest segment of operational 14 

emissions and so inclusion of all boiler and emergency generators for the period 2017-2019 provides a 15 
maximum emissions scenario for those years.   16 

Table 5.2-3 Emission Estimates for FASTC, 2017-2020 (Construction and Operations) 17 

Year VOC 
tons/yr 

CO 
tons/yr 

NOx 

tons/yr 
SO2 

tons/yr 
PM10 

tons/yr 
PM2.5 

tons/yr 
2017 4.85 117.93 65.34 19.27 183.26 21.06 
2018 2.05 92.67 31.34 18.50 35.20 4.63 
2019 1.49 84.74 20.86 18.32 19.58 3.74 
2020 1.55 92.11 21.22 18.33 29.62 3.78 

Significance 
Threshold 250 250 250 250 250 250 

 18 

Table 5.2-4 presents the annual emissions based on full build out, beginning in 2020.  All of the criteria 19 
pollutant emissions remain well below the significance threshold of 250 tons per year.  The carbon 20 

dioxide equivalent GHG emissions for the stationary sources would be well below the 25,000 metric tons 21 
(tonnes) per year threshold established by the Mandatory Greenhouse Gas Reporting Rule.  Based on 22 

the emission estimates, operation of the FASTC complex would not have a significant impact on the local 23 
or regional air quality. 24 

 25 

 26 

 27 

 28 
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Table 5.2-4 Annual Operational Emission Estimates for FASTC  1 

 VOC 
Tons/yr 

CO 
Tons/yr 

NOx 
Tons/yr 

SO2 
Tons/yr 

PM10 
Tons/yr 

PM2.5 
Tons/yr 

Pb 
Tons/yr 

CO2e 
Tonnes/yr 

 Stationary Sources 
Emergency 
Generators 

0.07 0.30 0.99 0.01 0.06 < 0.04 0 54.67 

Boilers 0.14 1.27 5.07 18.01 0.51 < 0.04 0 5,151.72 
Ordnance 

detonation 
ND 1.73 0.07 0.03 0.12 0.10 0.5 0.00 

Subtotal 0.21 3.30 6.13 18.05 0.69 0.10 0.5 5,206 
 Mobile Sources (Commuters and Track Operations) 

2020 + 0.66 73.68 3.97 0.05 0.38 0.35 0 2,925 
Grand Total 0.87 76.98 10.10 18.10 1.07 1.45 0.5 8,131 

Significance 
Threshold 250 250 250 250 250 250 250 25,000 

Notes: ND = No data, VOCs are not assessed in the reference for ordnance (AP-42). 2 

The proposed boilers are all less than 10,000,000 BTU/hr and therefore are exempt from permitting per 3 
9 VAC 5-80-1320.B.b.  The emergency generators are exempt from permitting per 9 VAC 5-80-4 

1320.B.2.b, provided hours of operation are kept below 500 hours per year.   5 

 6 

 NO ACTION ALTERNATIVE 5.37 

Under the No Action Alternative, FASTC would not be developed; therefore, none of the construction or 8 

operational emissions would occur.   9 

  10 
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List of Assumptions 

Air quality impacts were estimated for the two primary elements associated with the Foreign Affairs Security 
Training Center (FASTC) proposed actions:  construction and operations.  The following is a discussion of the 
assumptions, references, and methods used to perform the air emission estimate calculations. 

GENERAL PROJECT ASSUMPTIONS 

• Build Alternatives Illustrative Plan dated January 2012 was used to derive project area metrics 
• Alternatives are assumed to have the same air emissions since both alternatives will require the 

construction of the same facilities just at different locations within the area. 
• Phasing assumptions were derived from spreadsheet dates 2-9-2012 and updated phasing table dated 5-

4-2012. 
• Phase 1 (2014-2017) – 736 acres cleared/1,042,088 SF of buildings constructed/4,361,628 SF paved 
• Phase 2 (2016-2018) -12 acres cleared/527415 SF of buildings constructed/48720 SF paved 
• Phase 3 (2017-2020) – 232 acres cleared/707,189 SF of buildings constructed/ 196,254 SF paved 
• All D06 area parking was proposed as surface parking in the January 2012 alternatives and there was no 

parking garages proposed. 

CONSTRUCTION ASSUMPTIONS 

• Air quality impacts from proposed construction activities were estimated from (1) combustion emissions 
due to the use of fossil fuel-powered equipment; (2) fugitive dust emissions (PM10 and PM2.5) during earth-
moving activities, and the operation of equipment on bare soil; and (3) VOC emissions from application of 
asphalt materials during paving operations. 

• Factors needed to derive the construction source emission rates were obtained from USEPA NONROAD 
2008a Model (EPA 2008a); USEPA Motor Vehicle Emission Simulator (MOVES) (EPA 2010); Federal 
Greenhouse Gas Accounting and Reporting Guidance:  Technical Support Document (CEQ 2010); 
Comparison of Asphalt Paving Emission Factors (CARB 2005); WRAP Fugitive Dust Handbook (WRAP 2004) 
and Analysis of the Fine Fraction of Particulate Matter in Fugitive Dust (MRI 2005).   

• The analysis assumed that all construction equipment was manufactured in 2010.  This approach is based 
on the well-known longevity of diesel engines.  The analysis also inherently reduced PM10 fugitive dust 
emissions from earth-moving activities by 50 percent as this control level is included in the emission 
factor itself in the form of wetting. 

• Productivity rates for equipment were derived from the 2012 National Construction Estimator, Craftsman 
Book Company. 

General Construction Assumptions 

Construction Numbers Used in Formulas 

• Building Excavation Depth = 3 feet   
• Parking area excavation =  0.333333333 feet (4 inches gravel) 
• Parking area gravel = 0.333333333 feet (4 inches gravel) 
• Asphalt pavement thickness = 0.333333333 feet (4 inches) 
• Gravel thickness beneath bldgs = 0.5 feet (6 inches) 
• Concrete slab beneath bldgs = 0.5 feet (6 inches) 
• Concrete for sidewalks, etc. = 0.333333333 feet (4 inches) 



2 
 

• Road excavation depth = 3 feet   
 

Demolition 

• All buildings assumed to be single story.   
• Existing building square footage demolished determined using Constraints Map November 2010 and 

Google Earth. 
• Existing sidewalk square footage demolished determined using Constraints Map November 2010 and 

Google Earth. 
• Road demolition determined using FASTC Traffic Study for EIS, Figures 2 and 3 and Google Earth. 

Building Clearing & Grading Areas 

• Area to be cleared =  the building foundation footprint plus the area of any associated parking lot, with an 
additional 50 foot buffer around the total area.   

• Relative building and lot sizes have been determined from the file IllustrativePlan_January_2012   
• The area to be graded = the building footprint plus the parking lot area, not the total cleared area. 

 Parking Areas 

• Parking spaces =220 SF 
• Parking lanes =12 ft wide 

Sidewalks 

• Sidewalk area = 10% of building footprint area 

Roads and Tank Trail 

• New roads – 11,400 LF x 24 ft wide, 2-lanes.  
• Relocated Tank Trail – 7,200 LF x 24 ft wide 
• 6 ft wide, gravel shoulders  
• Additional 12 ft clearing for slope adjustments 
• Additional 6t drainage ditch for 50% of roads 

Drive Tracks 

• High Speed Driving Course Assumptions (shoulder, drainage and clearing assumptions are same as for 
roads) 

o Track 1 = 21400 LF 
o Track 2 = 27520 LF 
o Track 3 = 18240 LF 

• Mock Urban Driving Track 
o 6.3 miles of track 
o 10 parking spaces 
o Track will be 24 ft wide for 50% (3.15 miles) and 36 ft wide for 50% (3.15 miles) 

• Unimproved Road Driving Course (shoulder, drainage and clearing assumptions are same as for roads) 
o 2.6 miles of course 

• Off-Road Driving Course (shoulder, drainage and clearing assumptions are same as for roads) 
o 2.4 miles of course 

Explosives Simulation Alley 

• 9,600 linear feet of road (see Roads Assumptions) 

Explosives Demonstration Range & Post Blast Training Range 
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• An area with a 500 foot radius will be completely cleared and graded in the center of the range 
• An additional 300 meter exclusion/safety zone ring will be cleared  

 

Baffled Outdoor Tactical Combat Range 

• Would be constructed in Phase I        

Off-Road Equipment Emissions.  The NONROAD model (EPA 2008a) is the EPA standard method for preparing 
emission inventories for mobile sources that are not classified as being related to on-road traffic, railroads, air 
traffic, or water-going vessels. As such, it is the starting place for quantifying emissions from construction-related 
equipment. The NONROAD model uses the following general equation to estimate emissions separately for CO, 
NOx, PM10, PM2.5, and total hydrocarbons (THC), nearly all of which are NMHC1: 

EMS = EF * HP * LF * Act * DF 

Where: 

EMS = estimated emissions 

EF = emissions factor in grams per horsepower hours 

HP = peak horsepower 

LF = load factor (assumed percentage of peak horsepower) 

Act = activity in hours of operation per period of operation 

DF = deterioration factor 

NONROAD2008a emissions factors assume a technology year of 2005 for the construction years. This includes a 
mix of Tier 0, Tier 1, and Tier 2 engines. 

Default NONROAD2008a national equipment population for 2012 utilized for all activities as the assumed 
equipment population mix. 

It is assumed that the equipment in use in 2012 is most likely the equipment in use in 2020.  Heavy Duty Diesels 
typically have a 15 year service life. 

Construction calculations were performed for each of the relevant proposed actions.     

Fugitive Dust.  Emission rates for fugitive dust were estimated using guidelines outlined in the Western Regional 
Air Partnership (WRAP) fugitive dust handbook (WRAP 2004) and AP-42, Volume 1, Section 13.2.2.  The 
methodology used in the WRAP Handbook assumes standard dust mitigation best practices activities of 50 percent 
from wetting.  The WRAP handbook offers several options for selecting factors for PM10 (coarse PM) depending on 
what information is known.   

After PM10 is estimated, the fraction of fugitive dust emitted as PM2.5 is estimated, the most recent WRAP study 
(MRI 2005) recommends the use of a fractional factor of 0.10 to estimate the PM2.5 portion of the PM10.  The WRAP 
factors were used to estimate fugitive dust emissions from land disturbance activities. 

For site preparation activities, the emission factor was obtained from Table 3-2 of the WRAP Fugitive Dust 
Handbook.  The areas of disturbance and approximate durations were used, resulting in the selection of the first 
factor with worst-case conditions for use in the analysis.  

VOC Emissions from Paving.  VOC emissions from the application of hot mix asphalt were calculated for the 
construction of the roads and tracks.  The estimates used the published CARB hot mix asphalt emission factor.   



4 
 

Construction Workers – Mobile Sources.  Mobile source emissions were calculated for construction workers for 
each of the construction years.  These emissions assumed that each worker drove their own car or participated in a 
carpool.  The average mileage driven each workday is assumed to be 80 miles round trip for workers coming from 
the Richmond/Petersburg VA area.  Emission factors were derived from the USEPA MOVES mobile emissions 
model for the years 2004 -2019.   

• 2014 Construction workers - 191 vehicles/80 miles per day/240 days 
• 2015 Construction workers - 191 vehicles/80 miles per day/240 days 
• 2016 Construction workers - 353 vehicles/80 miles per day/240 days 
• 2017 Construction workers - 479 vehicles/80 miles per day/240 days 
• 2018 Construction workers - 287 vehicles/80 miles per day/240 days 
• 2019 Construction workers - 125 vehicles/80 miles per day/240 days 
• 2020 Construction workers - 125 vehicles/80 miles per day/240 days 

 

OPERATIONS ASSUMPTIONS  

Operations evaluated for air emissions include emissions from emergency generators, boilers, ordnance 
detonation, instructors and staff POVs and vehicles used on the tracks.   

Generator Emissions.  Seven generators, ranging from 13 kW to 700 kW would run diesel fuel for up to 146 hours 
per year, total.  To calculate emissions, factors from AP-42, Volume 1, Section 3.3, Gas and Diesel Industrial 
Engines and  Section 3.4, Large Stationary Diesel and All Stationary Dual-fuel Engines were used with an assumed 
load factor of 50%.  

Boiler Emissions.  Eighteen boilers, ranging from 0.18 to 3.35 MMBtu/hr would provide hot water and heat to the 
buildings.  To calculate emissions, factors from AP-42, Volume 1, Section 1.3, Fuel Oil Combustion were used.   

Ordnance Detonation Emissions.  Ordnance detonation would include both firing ranges and explosives.  Emission 
factors were not available for the explosives.  Emissions factors from AP-42, Volume 1, Section 15.1, Small 
Cartridges <30 mm were used.  

• Small arms fire – 190,000 rounds/year 

POV and Shuttle Emissions – Mobile Sources.  Mobile source emissions were calculated for instructors, staff and 
students.  These emissions assumed that instructors and staff drove their own car or participated in a carpool.  The 
average mileage driven each workday ranges from 40 to 45 miles round trip.  Students were assumed to drive their 
own cars only to the site at the beginning and end of each training session or arrive on a shuttle.  During the 
training sessions students were assumed to arrive on site using shuttles and be transported from dorms on 
shuttles.  Emission factors were derived from the USEPA MOVES mobile emissions model for the years 2006-2019.   

• 2017 Instructors & staff - 435 vehicles/40-45 miles per day/240 days 
o Student Hotel Shuttle - 11 vehicles/40 miles per day/240 days 

• 2018 Instructors & staff - 627 vehicles/40-45 miles per day/240 days 
o Student Hotel Shuttle - 11 vehicles/40 miles per day/240 days 

• 2019 Instructors & staff - 820 vehicles/40-45 miles per day/240 days 
o Student Hotel Shuttle - 11 vehicles/40 miles per day/240 days 

• 2020 Instructors & staff – 1,012 vehicles/40-45 miles per day/240 days 
o Student Hotel Shuttle - 11 vehicles/40 miles per day/240 days 
o Student Dorm Bus - 11 vehicles/5 miles per day/240 days 
o Student POV - 170 vehicles/176 miles per day/100 days 

• Airport Shuttles 
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o Dulles - 8 vehicles/176 miles per day/100 days 
o Richmond - 4 vehicles/62 miles per day/100 days 

Track Emissions – Mobile Sources.  Mobile source emissions were calculated for the training tracks.  These 
emissions assumed that the tracks operate 250 days a year.  Cars were assumed on paved tracks and sports 
utility/pickups were assumed on unpaved tracks.  Emission factors were derived from the USEPA MOVES mobile 
emissions model for the years 1987-2016.   

Once FASTC is developed, operation emissions would come from mobile sources, generators and boilers.  Mobile 
source emissions would include commuters from northern Virginia/DC, staff commuting to work from within the 
regional area, students commuting onsite from local hotels, and from training activities such as ordnance 
detonation and operation of the driver training courses.  Assumptions used in the analysis of operational emissions 
are as follows: 

• The generators would run 0.5 hours per week for testing and maintenance and 120 hours a year for 
power outages;  

• The generators would supply power for 25% of the building load at 8 watts per SF for buildings A10 and 
S04, at 10 watts per SF for building A07, and  at 4 watts per SF for building S01;  

• The generators would supply power for 100% of the building load at 80 watts per SF for building I07;  

• The generators would run at 50% load; 

• The boilers would provide heating and hot water, 10 hours per day from October 15th through April 14 
and hot water only 2 hours per day April 15th through October 14th for buildings A01, I07, S04, A02, A03, 
and R06; 

• Boilers in the dormitories, A06a, A06b, A06c, A06d, A06e, A06f would provide heating and hot water, 10 
hours per day from October 15th through April 14 and hot water only 5 hours per day April 15th through 
October 14th; 

• The boiler in the dining facility, A07 would provide heating and hot water, 10 hours per day from October 
15th through April 14 and hot water only 6 hours per day April 15th through October 14th; 

• Boilers were sized at 20 BTU per SF for buildings A01, S04, A02, and A03;  30 BTU per SF for building A07, 
10 BTU per SF for building I07, 25 BTU per SF for buildings A06a, A06b, A06c, A06d, A06e, and A06f, and 
15 BTU per SF for building R06. 

• Ninety percent of the instructors and support staff would live within 50 miles of the site.   

• In Phase 1, all students would be housed in local hotels and transported daily to the site using 25 
passenger shuttle buses.  At full operation 250 students would be housed at local hotels and transported 
daily to site using 25 passenger shuttle buses and 450 students would be housed at the site in 
dormitories.  Students staying in the dormitories would arrive to the site on Sunday and depart on Friday; 
60 percent would be bused and 40 percent would use their personal vehicles. 

• Ordnance emissions do not include the explosives range.  Factors were not available for the types of 
explosives used.  Primary emissions expected from the explosives include CO and CO2.   

• Driver training tracks would be expected to be used 250 days per year. 

• Cars would be used on the paved driving tracks.  Trucks or sports utility vehicles would be used on the 
non-paved tracks.   
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TAB A.  EMISSIONS SUMMARY FOR FASTC

Table 1.  Construction Emissions By Year

VOC CO NOx SO2 PM10 PM2.5 CO2e
tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr

2014 2.93 36.34 35.00 0.77 148.11 16.53 5,363
2015 2.91 34.71 34.85 0.77 148.12 16.54 5244
2016 3.49 54.44 44.82 0.97 153.83 17.50 7276
2017 4.16 69.29 55.79 1.21 182.36 20.76 9224
2018 1.27 35.44 21.01 0.44 34.25 4.29 3881
2019 0.69 15.61 11.15 0.24 28.55 3.33 1966
2020 0.69 15.12 11.13 0.24 28.54 3.32 1950

Table 2.  Operational Stationary Emissions By Type 2020 +
 

VOC CO NOx SO2 PM10 PM2.5 CO2e Pb
tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr tons/yr

Emergency Generators 0.07 0.30 0.99 0.01 0.06 < 0.04 54.67 1ND
Boilers 0.14 1.27 5.07 18.01 0.51 < 0.04 5,151.72 1ND
Ordnance 1ND 1.73 0.07 0.03 0.12 0.10 0.00 0.05
Total 0.21 3.30 6.13 18.05 0.69 0.10 5,206 0.05
1ND = Not Determined

Table 3.  Operational Mobile Source Emissions By Year

VOC CO NOx SO2 PM10 PM2.5 CO2e
tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr

POV -2017 0.39 40.15 2.82 0.01 0.20 0.18 1,643
POV -2018 0.48 48.74 3.60 0.01 0.24 0.22 2,032
POV -2019 0.50 60.63 2.98 0.04 0.32 0.29 2,423
POV -2020 + 0.57 68.49 3.37 0.04 0.36 0.33 2,819
Tracks 0.09 5.18 0.60 0.00 0.02 0.02 106

Totals (POVs + Tracks)
2017 0.48 45.33 3.42 0.01 0.22 0.20 1,749
2018 0.58 53.93 4.20 0.01 0.26 0.24 2,138
2019 0.60 65.82 3.58 0.04 0.34 0.31 2,529
2020 + 0.66 73.68 3.97 0.05 0.38 0.35 2,925

Table 4.  Total Operational Emissions 2020+ (Fully Operational)

VOC CO NOx SO2 PM10 PM2.5 CO2e
tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr

2020 + 0.87 76.98 10.10 18.10 1.07 0.45 8,131

Table 4.  Grand Total Emissions By Year

VOC CO NOx SO2 PM10 PM2.5 CO2e
tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr

2014 2.93 36.34 35.00 0.77 148.11 16.53 5,363
2015 2.91 34.71 34.85 0.77 148.12 16.54 5244
2016 3.49 54.44 44.82 0.97 153.83 17.50 7276
2017 4.85 117.93 65.34 19.27 183.26 21.06 16179
2018 2.05 92.67 31.34 18.50 35.20 4.63 11225
2019 1.49 84.74 20.86 18.32 29.58 3.74 9701
2020 1.55 92.11 21.22 18.33 29.62 3.78 10081

Year

Year

Stationary and Mobile 
Sources

Operational Mobile 
Emissions





TAB B. CONSTRUCTION EMISSIONS

453.59 grams per pound
43,560 Conversion from Acre to SF

0.03704 Cubic feet to Cubic Yards
0.1111 Square Feet to Square Yards

1.4 tons/CY for Gravel 
80,000 lbs/Truck Load for Delivery

1.66 CY for each CY of asphalt/concrete demo
0.333333333 asphalt thickness for demolition
0.333333333 asphalt thickness for pavement

2000 pounds per ton
145 lb/ft3 density of Hot Mix Asphalt

2014
 Table 1. Clearing - 2014 184 Acres

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 2,134                                145 0.58 0.38 1.41 4.17 0.12 0.30 0.29 535.69 149.05 559.70 1,651.62 45.60 117.13 113.62 211,993
Loader w/ integral Backhoe 2,134                                87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 123.09 631.87 545.81 12.79 91.40 88.66 59,463
Small backhoe 2,134                                55 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 77.82 399.46 345.05 8.09 57.78 56.05 37,591

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 977 230 16 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 1.19 12.61 45.95 0.37 0.79 0.77 54,710

Subtotal (lbs): 351 1,604 2,588 67 267 259 363,757

 Table 2. Building Demolition - 2014
24,707 SF 1,235 Estimated CY of debris based on 20 SF/CY

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb      
bits 206 86 0.59 0.45 3.84 4.70 0.13 0.45 0.43 594.79 10 88 108 3 10 10 13,699
Wheel Loader w/ integral Backhoe 206 87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 12 61 53 1 9 9 5,736
Wheel mounted air compressor 206 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 4 33 59 2 7 7 7,810

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 113 230 27 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 0.2 2.5 9.0 0.1 0.2 0.2 10,663

Subtotal (lbs): 27 185 229 6 26 26 37,908

 Table 3. Demo Asphalt/Concrete- 2014
145,076 SF 2,973 CY

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
D-6K Crawler Dozer with attachments 351 125 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 20 69 233 7 13 13 30,574.57
Wheel mounted air compressor 351 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 7 57 101 3 12 12 13,313.40
Excavator with attachments 121 380 0.59 0.31 2.50 4.51 0.13 0.55 0.54 595.21 19 149 269 8 33 32 35,567.85

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 273 230 27 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 0.6 6 22 0 0 0 25,665.30

Subtotal (lbs): 46 281 625 17 58 57 105,121

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

Basic Conversions

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor



 Table 4. Site Prep - Excavate/Fill - Trenching - Grading 2014
Site Prep - Excavate/Fill (CY) 256,322 CY Assume 60% hauled in or out 153,793 CY hauled

Trenching (LF) 325 LF Assume 4 ft deep trench, 5 feet wide 241 CY Assume 60% hauled in or out 144 CY hauled
Grading (SY) 2,209,202 SF Convert 245,442 SY Assume compact 0.5 feet (0.166 yards) 40,907 CY compacted

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Backhoe Excavator 513 243 0.59 0.34 1.21 4.03 0.12 0.22 0.22 535.79 55.73 195.94 652.92 18.68 36.10 35.02 86,816.96
Skid Steer Loader 2,461 160 0.23 0.38 1.47 4.34 0.12 0.31 0.30 535.67 76.51 293.45 866.10 23.00 60.97 59.14 106,939.66
Dozer 1,139 145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 80.93 303.89 896.73 24.76 63.60 61.69 115,099.49
Scraper Hauler Excavator 1,139 365 0.58 0.38 1.42 4.19 0.12 0.30 0.29 535.69 200.58 754.65 2,226.15 61.27 157.66 152.93 284,821.54
Compactor 303 103 0.58 0.40 1.57 4.57 0.12 0.32 0.31 535.63 15.77 62.67 182.22 4.60 12.74 12.35 21,376.39
Grader 1,818 285 0.58 0.34 1.21 4.07 0.12 0.23 0.22 535.79 227.79 800.30 2,696.68 76.36 149.44 144.96 354,992.57
Trenching with backhoe loader 3 87 0.59 0.34 1.21 4.07 0.12 0.23 0.22 535.79 0.13 0.47 1.58 0.04 0.09 0.09 208.54

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY capacity) 9,196 230 16 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 11 119 432 4 7 7 514,863.29
Delivery Truck 1 365 45 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 0 0 0 0 0 0 155.37

Subtotal (lbs): 669 2,530 7,955 212 488 473 1,485,274

 Table 5. Building Construction- Structure  - 2014
260,522 SF

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Crane 9,900 330 0.58 0.25 1.22 5.26 0.11 0.21 0.20 530.30 1026.39 5094.37 21972.25 476.53 867.74 841.71 2,215,271.92
Concrete truck 1,303 300 0.43 0.19 1.45 4.32 0.12 0.21 0.20 536.26 69.50 538.85 1600.65 42.74 77.82 75.49 198,663.54
Diesel Generator (Assume 5 generators) 1,042 40 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 17.77 137.79 245.47 6.94 29.39 28.50 32,269.33

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Diesel Pickup Truck 94 400 30 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 0.21 2.24 8.16 0.07 0.14 0.14 9,714.52
Delivery Truck 6,253 365 60 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 28.15 298.55 1087.90 8.86 18.80 18.29 1,295,268.73

Subtotal (lbs): 1142 6072 24914 535 994 964 3,751,188

 Table 6. Gravel Work - 2014
22,896 CY

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 229 185 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 19 67 225 6 12 12 29,519.85
Wheel Loader for Spreading 286 87 0.59 0.35 1.25 4.23 0.12 0.24 0.23 535.77 11 40 137 4 8 7 17,352.40
Compactor 170 135 0.43 0.36 1.34 4.45 0.12 0.26 0.25 535.74 8 29 97 3 6 5 11,628.40

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (gravel delivery) 2,957 230 26 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 5.7 60.7 221.3 1.8 3.8 3.7 263,506.51

Subtotal (lbs): 43.77 196.74 679.85 14.39 29.59 28.72 322,007

 Table 7. Concrete Work - Foundation and Sidewalks - 2014
Foundation Work 4,080 CY
Sidewalks, etc. 506 CY
Total 4,586 CY

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Concrete Mixer (3 mixers total to one truck) 241 3.5 0.43 0.69 3.04 6.17 0.13 0.54 0.52 588.29 0.55 2.44 4.95 0.10 0.43 0.42 471.38
Concrete Truck 437 300 0.43 0.38 1.75 6.18 0.11 0.27 0.26 529.89 47.15 216.85 767.94 14.16 33.38 32.37 65,820.22

Subtotal (lbs): 47.70 219.29 772.89 14.26 33.81 32.79 66,292

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

On-road Equipment
Cumulative Hours of 

Operation1

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

Engine HP
Productivity based 
Speed (miles/hour)

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor



 Table 8. Paving Surface and Paving HMA - 2014
Pavement - Surface Area 1,090,407 SF 13,463 CY

Paving - HMA 370,460 CF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Grader 3,339 145 0.59 0.38 1.41 4.16 0.12 0.30 0.29 535.69 237.05 889.40 2,620.90 72.58 186.23 180.65 337,392.52
Steel drum roller/vibratory roller 6,679 401 0.59 0.34 2.46 5.53 0.12 0.34 0.33 535.80 1,189.14 8,579.37 19,281.26 401.50 1,179.86 1,144.46 1,866,499.05
Paving Machine 6,679 164 0.59 0.38 1.44 4.25 0.12 0.30 0.29 535.68 541.40 2,055.16 6,058.04 164.17 427.42 414.60 763,189.42
Asphalt Curbing Machine 668 130 0.59 0.40 1.57 4.57 0.12 0.32 0.31 535.63 44.62 177.34 515.64 13.01 36.04 34.96 60,491.56

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 8,057 230 17 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 10.10 107.14 390.41 3.18 6.75 6.57 464,826.99
Water Truck 10,686 230 10 7.50E-05 7.96E-04 2.90E-03 2.36E-05 5.01E-05 4.88E-05 3.45 8.02 85.04 309.88 2.52 5.36 5.21 368,950.15

Hot Mix Asphalt (HMA)
Volume of HMA

(ft3) Weight of HMA (tons)
VOC4 CO Nox SO2 PM10 PM2.5 CO2 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/ton of asphalt       lb lb lb lb lb lb lb
Standard Hot Mix Asphalt 370,460 26,858 0.04 - - - - - - 1,074.33 - - - - - -

Subtotal (lbs): 3,104.67 11,893.46 29,176.13 656.96 1,841.65 1,786.44 3,861,350

2015

  Table 9. Clearing 2015
184 Acres

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 2,134                                145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 151.62 569.35 1,680.09 46.39 119.15 115.58 215,648.20
Loader w/ integral Backhoe 2,134                                87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 123.09 631.87 545.81 12.79 91.40 88.66 59,462.71
Small backhoe 2,134                                55 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 77.82 399.46 345.05 8.09 57.78 56.05 37,591.37

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 977 230 16 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 1.29 14.18 55.11 0.37 0.96 0.94 54,638.74

Subtotal (lbs): 354 1,615 2,626 68 269 261 367,341

 Table 10. Building Demolition - 2015
24,707 SF 1,235 Estimated CY of debris based on 20 SF/CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb      
bits 206 86 0.59 0.45 3.84 4.70 0.13 0.45 0.43 594.79 10 88 108 3 10 10 13,699.01
Wheel Loader w/ integral Backhoe 206 87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 12 61 53 1 9 9 5,735.98
Wheel mounted air compressor 206 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 4 33 59 2 7 7 7,810.17

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 113 230 27 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.44 0.3 2.8 10.7 0.1 0.2 0.2 10,628.79

Subtotal (lbs): 27 186 231 6 26 26 37,874

 Table 11. Demo Asphalt/Concrete- 2015
145,076 SF 2,973 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
D-6K Crawler Dozer with attachments 351 125 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 20 69 233 7 13 13 30,574.57
Wheel mounted air compressor 351 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 7 57 101 3 12 12 13,313.40
Excavator with attachments 121 380 0.59 0.31 2.50 4.51 0.13 0.55 0.54 595.21 19 149 269 8 33 32 35,567.85

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 273 230 27 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 0.6 7 26 0 0 0 25,631.77

Subtotal (lbs): 46 282 629 17 58 57 105,088



 Table 12. Site Prep - Excavate/Fill - Trenching - Grading 2015
Site Prep - Excavate/Fill (CY) 256,322 CY Assume 60% hauled in or out 153,793 CY hauled

Trenching (LF) 325 LF Assume 4 ft deep trench, 5 feet wide 241 CY Assume 60% hauled in or out 144 CY hauled
Grading (SY) 2,209,202 SF Convert 245,442 SY Assume compact 0.5 feet (0.166 yards) 40,907 CY compacted

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Backhoe Excavator 513 243 0.59 0.34 1.21 4.03 0.12 0.22 0.22 535.79 55.73 195.94 652.92 18.68 36.10 35.02 86,816.96
Skid Steer Loader 2,461 160 0.23 0.38 1.47 4.34 0.12 0.31 0.30 535.67 76.51 293.45 866.10 23.00 60.97 59.14 106,939.66
Dozer 1,139 145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 80.93 303.89 896.73 24.76 63.60 61.69 115,099.49
Scraper Hauler Excavator 1,139 365 0.58 0.38 1.42 4.19 0.12 0.30 0.29 535.69 200.58 754.65 2,226.15 61.27 157.66 152.93 284,821.54
Compactor 303 103 0.58 0.40 1.57 4.57 0.12 0.32 0.31 535.63 15.77 62.67 182.22 4.60 12.74 12.35 21,376.39
Grader 1,818 285 0.58 0.34 1.21 4.07 0.12 0.23 0.22 535.79 227.79 800.30 2,696.68 76.36 149.44 144.96 354,992.57
Trenching with backhoe loader 3 87 0.59 0.34 1.21 4.07 0.12 0.23 0.22 535.79 0.13 0.47 1.58 0.04 0.09 0.09 208.54

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY capacity) 9,196 230 16 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 12 133 519 3 9 9 514,190.57
Delivery Truck 1 365 45 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 0 0 0 0 0 0 155.17

Subtotal (lbs): 670 2,545 8,041 212 490 475 1,484,601

 Table 13. Building Construction- Structure  - 2015
260,522 SF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Crane 9,900 330 0.58 0.25 1.22 5.26 0.11 0.21 0.20 530.30 1026.39 5094.37 21972.25 476.53 867.74 841.71 2,215,271.92
Concrete truck 1,303 300 0.43 0.19 1.45 4.32 0.12 0.21 0.20 536.26 69.50 538.85 1600.65 42.74 77.82 75.49 198,663.54
Diesel Generator (Assume 5 generators) 1,042 40 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 17.77 137.79 245.47 6.94 29.39 28.50 32,269.33

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Diesel Pickup Truck 94 400 30 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 0.23 2.52 9.79 0.07 0.17 0.17 9,701.82
Delivery Truck 6,253 365 60 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 30.53 335.71 1304.68 8.77 22.77 22.16 1,293,576.35

Subtotal (lbs): 1144 6109 25133 535 998 968 3,749,483

 Table 14. Gravel Work - 2015
22,896 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 229 185 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 19 67 225 6 12 12 29,519.85
Wheel Loader for Spreading 286 87 0.59 0.35 1.25 4.23 0.12 0.24 0.23 535.77 11 40 137 4 8 7 17,352.40
Compactor 170 135 0.43 0.36 1.34 4.45 0.12 0.26 0.25 535.74 8 29 97 3 6 5 11,628.40

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (gravel delivery) 2,957 230 26 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 6.2 68.3 265.4 1.8 4.6 4.5 263,162.21

Subtotal (lbs): 44 136 459 13 26 25 58,501

 Table 15. Concrete Work - Foundation and Sidewalks - 2015
Foundation Work 4,080 CY
Sidewalks, etc. 506 CY
Total 4,586 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Concrete Mixer (3 mixers total to one truck) 241 3.5 0.43 0.69 3.04 6.17 0.13 0.54 0.52 588.29 0.55 2.44 4.95 0.10 0.43 0.42 471.38
Concrete Truck 437 300 0.43 0.38 1.75 6.18 0.11 0.27 0.26 529.89 47.15 216.85 767.94 14.16 33.38 32.37 65,820.22

Subtotal (lbs): 47.70 219.29 772.89 14.26 33.81 32.79 66,292



 Table 16. Paving Surface and Paving HMA - 2015

Pavement - Surface Area 1,090,407 SF 13,463 CY
Paving - HMA 370,460 CF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Grader 3,339 145 0.59 0.38 1.41 4.16 0.12 0.30 0.29 535.69 237.05 889.40 2,620.90 72.58 186.23 180.65 337,392.52
Steel drum roller/vibratory roller 6,679 401 0.59 0.34 2.46 5.53 0.12 0.34 0.33 535.80 1,189.14 8,579.37 19,281.26 401.50 1,179.86 1,144.46 1,866,499.05
Paving Machine 6,679 164 0.59 0.38 1.44 4.25 0.12 0.30 0.29 535.68 541.40 2,055.16 6,058.04 164.17 427.42 414.60 763,189.42
Asphalt Curbing Machine 668 130 0.59 0.40 1.57 4.57 0.12 0.32 0.31 535.63 44.62 177.34 515.64 13.01 36.04 34.96 60,491.56

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 8,057 230 17 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 10.96 120.48 468.20 3.15 8.17 7.95 464,219.65
Water Truck 10,686 230 10 8.14E-05 8.95E-04 3.48E-03 2.34E-05 6.07E-05 5.91E-05 3.45 8.70 95.63 371.63 2.50 6.49 6.31 368,468.08

Hot Mix Asphalt (HMA)
Volume of HMA

(ft3) Weight of HMA (tons)

VOC4 CO Nox SO2 PM10 PM2.5 CO2 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/ton of asphalt       lb lb lb lb lb lb lb
Standard Hot Mix Asphalt 370,460 26,858 0.04 - - - - - - 1,074.33 - - - - - -

Subtotal (lbs): 3,106.20 11,917.38 29,315.67 656.90 1,844.21 1,788.93 3,860,260

2016

 Table 17.  Clearing 2016 (Phase I and II)
188 Acres

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 2,181                                145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 154.92 581.73 1,716.62 47.40 121.74 118.09 220,336
Loader w/ integral Backhoe 2,181                                87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 125.77 645.60 557.68 13.07 93.39 90.59 60,755
Small backhoe 2,181                                55 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 79.51 408.14 352.55 8.26 59.04 57.27 38,409

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 998 230 16 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 1 15 57 0 1 1 55,720

Subtotal (lbs): 362 1,650 2,684 69 275 267 375,220

 Table 18. Building Demolition - 2016 
24,707 SF 1,235 Estimated CY of debris based on 20 SF/CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Hydraulic excavator 206 86 0.59 0.45 3.84 4.70 0.13 0.45 0.43 594.79 10 88 108 3 10 10 13,699
Wheel Loader w/ integral Backhoe 206 87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 12 61 53 1 9 9 5,736
Wheel mounted air compressor 206 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 4 33 59 2 7 7 7,810

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 113 230 27 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 0.3 2.8 10.8 0.1 0.2 0.2 10,628.8

Subtotal (lbs): 27 186 231 6 26 26 37,874

 Table 19. Demo Asphalt/Concrete- 2016 
145,076 SF 2,973 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
D-6K Crawler Dozer with attachments 351 125 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 20 69 233 7 13 13 30,575
Wheel mounted air compressor 351 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 7 57 101 3 12 12 13,313
Excavator with attachments 121 380 0.59 0.31 2.50 4.51 0.13 0.55 0.54 595.21 19 149 269 8 33 32 35,568

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 273 230 27 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 0.6 7 26 0 0 0 25,583

Subtotal (lbs): 46 282 629 17 58 57 105,039



 Table 20. Site Prep - Excavate/Fill - Trenching - Grading 2016 (Phase I and II)
Site Prep - Excavate/Fill (CY) 263,388 CY Assume 60% hauled in or out 158,033 CY hauled

Trenching (LF) 537 LF Assume 4 ft deep trench, 5 feet wide 398 CY Assume 60% hauled in or out 239 CY hauled
Grading (SY) 2,287,228 SF Convert 254,111 SY Assume compact 0.5 feet (0.166 yards) 42,352 CY compacted

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Backhoe Excavator 527 243 0.59 0.34 1.21 4.03 0.12 0.22 0.22 535.79 57.26 201.34 670.92 19.19 37.10 35.98 89,210
Skid Steer Loader 2,529 160 0.23 0.38 1.47 4.34 0.12 0.31 0.30 535.67 78.62 301.54 889.98 23.64 62.65 60.77 109,888
Dozer 1,171 145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 83.16 312.26 921.45 25.44 65.35 63.39 118,272
Scraper Hauler Excavator 1,171 365 0.58 0.38 1.42 4.19 0.12 0.30 0.29 535.69 206.11 775.46 2,287.52 62.96 162.00 157.14 292,673
Compactor 314 103 0.58 0.40 1.57 4.57 0.12 0.32 0.31 535.63 16.32 64.88 188.65 4.76 13.19 12.79 22,131
Grader 1,882 285 0.58 0.34 1.21 4.07 0.12 0.23 0.22 535.79 235.83 828.57 2,791.92 79.06 154.72 150.08 367,530
Trenching with backhoe loader 6 87 0.59 0.34 1.21 4.07 0.12 0.23 0.22 535.79 0.22 0.78 2.62 0.07 0.15 0.14 345

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY capacity) 9,455 230 16 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 13 141 537 4 9 9 527,656
Delivery Truck 1 365 45 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 0 0 0 0 0 0 155

Subtotal (lbs): 690 2,626 8,290 219 504 489 1,527,860

 Table 21. Building Construction- Structure  - 2016 (Phase I and Phase II)
436,327 SF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Crane 16,580 330 0.58 0.25 1.22 5.26 0.11 0.21 0.20 530.30 1719.02 8532.15 36799.53 798.10 1453.31 1409.71 3,710,178
Concrete truck 2,182 300 0.43 0.19 1.45 4.32 0.12 0.21 0.20 536.26 116.40 902.48 2680.79 71.57 130.34 126.43 332,725
Diesel Generator (Assume 5 generators) 1,745 40 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 29.76 230.78 411.12 11.63 49.21 47.74 54,045

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Diesel Pickup Truck 157 400 30 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 0.39 4.34 16.51 0.11 0.29 0.28 16,218
Delivery Truck 10,472 365 60 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 51.52 578.06 2201.12 14.79 38.31 37.32 2,162,362

Subtotal (lbs): 1917 10248 42109 896 1671 1621 6,275,528

 Table 22. Gravel Work - 2016
24,241 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 242 185 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 20 70 238 7 13 13 31,254
Wheel Loader for Spreading 303 87 0.59 0.35 1.25 4.23 0.12 0.24 0.23 535.77 12 43 145 4 8 8 18,372
Compactor 180 135 0.43 0.36 1.34 4.45 0.12 0.26 0.25 535.74 8 31 102 3 6 6 12,311

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (gravel delivery) 3,131 230 26 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 6.6 74.3 283.1 1.9 4.9 4.8 278,088.5

Subtotal (lbs): 47 218 769 15 32 31 340,026

 Table 23. Concrete Work - Foundation and Sidewalks - 2016
Foundation Work 5,224 CY
Sidewalks, etc. 582 CY
Total 5,806 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Concrete Mixer (3 mixers total to one truck) 306 3.5 0.43 0.69 3.04 6.17 0.13 0.54 0.52 588.29 0.70 3.09 6.26 0.13 0.55 0.53 597
Concrete Truck 553 300 0.43 0.38 1.75 6.18 0.11 0.27 0.26 529.89 59.69 274.53 972.24 17.92 42.26 40.99 83,330

Subtotal (lbs): 60 278 978 18 43 42 83,927



 Table 24. Paving Surface and Paving HMA - 2016
Pavement - Surface Area 1,106,647 SF 13,663 CY

Paving - HMA 375,873 CF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Grader 3,389 145 0.59 0.38 1.41 4.16 0.12 0.30 0.29 535.69 240.58 902.65 2,659.93 73.66 189.01 183.34 342,417
Steel drum roller/vibratory roller 6,778 401 0.59 0.34 2.46 5.53 0.12 0.34 0.33 535.80 1,206.85 8,707.15 19,568.43 407.48 1,197.43 1,161.51 1,894,298
Paving Machine 6,778 164 0.59 0.38 1.44 4.25 0.12 0.30 0.29 535.68 549.47 2,085.77 6,148.26 166.61 433.78 420.77 774,556
Asphalt Curbing Machine 678 130 0.59 0.40 1.57 4.57 0.12 0.32 0.31 535.63 45.29 179.98 523.32 13.21 36.58 35.48 61,392

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 8,177 230 17 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 11.20 125.71 478.66 3.22 8.33 8.12 470,232
Water Truck 10,845 230 10 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 8.89 99.78 379.93 2.55 6.61 6.44 373,241

Hot Mix Asphalt (HMA)
Volume of HMA

(ft3) Weight of HMA (tons)
VOC4 CO Nox SO2 PM10 PM2.5 CO2 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/ton of asphalt       lb lb lb lb lb lb lb
Standard Hot Mix Asphalt 375,873 27,251 0.04 - - - - - - 1,090.03 - - - - - -

Subtotal (lbs): 3,152 12,101 29,759 667 1,872 1,816 3,916,137

2017

  Table 25. Clearing 2017
246 Acres

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 2,854                                145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 202.72 761.20 2,246.21 62.02 159.30 154.52 288,312
Loader w/ integral Backhoe 2,854                                87 0.21 1.43 7.35 6.35 0.15 1.06 0.00 691.66 164.57 844.78 729.73 17.10 122.20 0.00 79,499
Small backhoe 2,854                                55 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 104.04 534.06 461.32 10.81 77.25 74.94 50,258

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 1,306 230 16 8.24E-05 9.46E-04 3.53E-03 2.34E-05 6.14E-05 5.97E-05 3.43 2 20 75 0 1 1 72,760

Subtotal (lbs): 473 2,160 3,512 90 360 231 490,829

 Table 26. Building Demolition - 2017
26,890 SF 1,345 Estimated CY of debris based on 20 SF/CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Hydraulic excavator 224 86 0.59 0.45 3.84 4.70 0.13 0.45 0.43 594.79 10 88 108 3 10 10 13,699
Wheel Loader w/ integral Backhoe 224 87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 12 61 53 1 9 9 5,736
Wheel mounted air compressor 224 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 4 33 59 2 7 7 7,810

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 123 230 27 8.24E-05 9.46E-04 3.53E-03 2.34E-05 6.14E-05 5.97E-05 3.43 0.3 2.9 10.9 0.1 0.2 0.2 10,607.0

Subtotal (lbs): 27 186 231 6 26 26 37,852

 Table 27. Demo Asphalt/Concrete- 2017
152,270 SF 3,121 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
D-6K Crawler Dozer with attachments 368 125 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 21 72 244 7 14 13 32,091
Wheel mounted air compressor 368 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 8 60 106 3 13 12 13,974
Excavator with attachments 127 380 0.59 0.31 2.50 4.51 0.13 0.55 0.54 595.21 20 157 283 8 35 34 37,332

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 286 230 27 8.24E-05 9.46E-04 3.53E-03 2.34E-05 6.14E-05 5.97E-05 3.43 0.6 7 28 0 0 0 26,796

Subtotal (lbs): 49 296 661 18 61 60 110,192



 Table 28. Site Prep - Excavate/Fill - Trenching - Grading 2017

Site Prep - Excavate/Fill (CY) 291,697 CY Assume 60% hauled in or out 175,018 CY hauled
Trenching (LF) 702 LF Assume 4 ft deep trench, 5 feet wide 520 CY Assume 60% hauled in or out 312 CY hauled

Grading (SY) 2,549,623 SF Convert 283,263 SY Assume compact 0.5 feet (0.166 yards) 47,211 CY compacted

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Backhoe Excavator 583 243 0.59 0.34 1.21 4.03 0.12 0.22 0.22 535.79 63.42 222.98 743.03 21.25 41.08 39.85 98,799
Skid Steer Loader 2,800 160 0.23 0.38 1.47 4.34 0.12 0.31 0.30 535.67 87.07 333.95 985.63 26.18 69.38 67.30 121,698
Dozer 1,296 145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 92.10 345.82 1,020.48 28.18 72.37 70.20 130,984
Scraper Hauler Excavator 1,296 365 0.58 0.38 1.42 4.19 0.12 0.30 0.29 535.69 228.26 858.80 2,533.38 69.72 179.41 174.03 324,130
Compactor 350 103 0.58 0.40 1.57 4.57 0.12 0.32 0.31 535.63 18.20 72.33 210.29 5.31 14.70 14.26 24,670
Grader 2,098 285 0.58 0.34 1.21 4.07 0.12 0.23 0.22 535.79 262.89 923.62 3,112.22 88.13 172.47 167.29 409,694
Trenching with backhoe loader 7 87 0.59 0.34 1.21 4.07 0.12 0.23 0.22 535.79 0.29 1.02 3.42 0.10 0.19 0.18 450

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY capacity) 10,474 230 16 8.24E-05 9.46E-04 3.53E-03 2.34E-05 6.14E-05 5.97E-05 3.43 14 161 599 4 10 10 583,326
Delivery Truck 1 365 45 8.24E-05 9.46E-04 3.53E-03 2.34E-05 6.14E-05 5.97E-05 3.43 0 0 0 0 0 0 155

Subtotal (lbs): 766 2,919 9,208 243 560 543 1,693,907

 Table 29. Building Construction- Structure  - 2017
613,124 SF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Crane 23,299 330 0.58 0.25 1.22 5.26 0.11 0.21 0.20 530.30 2415.56 11989.32 51710.47 1121.48 2042.18 1980.91 5,213,519
Concrete truck 3,066 300 0.43 0.19 1.45 4.32 0.12 0.21 0.20 536.26 163.57 1268.16 3767.03 100.57 183.15 177.65 467,544
Diesel Generator (Assume 5 generators) 2,452 40 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 41.82 324.28 577.70 16.34 69.16 67.08 75,944

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Diesel Pickup Truck 221 400 30 8.24E-05 9.46E-04 3.53E-03 2.34E-05 6.14E-05 5.97E-05 3.43 0.55 6.27 23.36 0.16 0.41 0.40 22,742
Delivery Truck 14,715 365 60 8.24E-05 9.46E-04 3.53E-03 2.34E-05 6.14E-05 5.97E-05 3.43 72.79 835.45 3114.99 20.67 54.24 52.68 3,032,295

Subtotal (lbs): 2694 14423 59194 1259 2349 2279 8,812,043

 Table 30. Gravel Work - 2017
28,397 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 284 185 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 23 83 279 8 15 15 36,612
Wheel Loader for Spreading 355 87 0.59 0.35 1.25 4.23 0.12 0.24 0.23 535.77 14 50 170 5 10 9 21,521
Compactor 210 135 0.43 0.36 1.34 4.45 0.12 0.26 0.25 535.74 10 36 120 3 7 7 14,422

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (gravel delivery) 3,668 230 26 8.24E-05 9.46E-04 3.53E-03 2.34E-05 6.14E-05 5.97E-05 3.43 7.8 89.6 334.0 2.2 5.8 5.6 325,096.1

Subtotal (lbs): 55 258 903 18 38 37 397,652

 Table 31. Concrete Work - Foundation and Sidewalks - 2017
Foundation Work 7,975 CY
Sidewalks, etc. 847 CY
Total 8,822 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Concrete Mixer (3 mixers total to one truck) 465 3.5 0.43 0.69 3.04 6.17 0.13 0.54 0.52 588.29 1.06 4.69 9.51 0.20 0.83 0.81 907
Concrete Truck 840 300 0.43 0.38 1.75 6.18 0.11 0.27 0.26 529.89 90.70 417.14 1,477.28 27.24 64.21 62.28 126,617

Subtotal (lbs): 92 422 1,487 27 65 63 127,524



 Table 32. Paving Surface and Paving HMA - 2017
Pavement - Surface Area 1,155,711 SF 14,269 CY

Paving - HMA 392,227 CF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Grader 3,539 145 0.59 0.38 1.41 4.16 0.12 0.30 0.29 535.69 251.25 942.67 2,777.86 76.92 197.39 191.47 357,599
Steel drum roller/vibratory roller 7,079 401 0.59 0.34 2.46 5.53 0.12 0.34 0.33 535.80 1,260.36 9,093.18 20,436.01 425.55 1,250.52 1,213.01 1,978,283
Paving Machine 7,079 164 0.59 0.38 1.44 4.25 0.12 0.30 0.29 535.68 573.83 2,178.24 6,420.85 174.00 453.02 439.43 808,897
Asphalt Curbing Machine 708 130 0.59 0.40 1.57 4.57 0.12 0.32 0.31 535.63 47.29 187.96 546.52 13.79 38.20 37.05 64,114

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 8,540 230 17 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 11.70 131.28 499.88 3.36 8.70 8.48 491,081
Water Truck 11,326 230 10 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3.44 9.29 104.20 396.78 2.67 6.91 6.73 389,789

Hot Mix Asphalt (HMA)
Volume of HMA

(ft3) Weight of HMA (tons)
VOC4 CO Nox SO2 PM10 PM2.5 CO2 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/ton of asphalt       lb lb lb lb lb lb lb
Standard Hot Mix Asphalt 392,227 28,436 0.04 - - - - - - 1,137.46 - - - - - -

Subtotal (lbs): 3,291 12,638 31,078 696 1,955 1,896 4,089,762

2018

 Table 33.  Clearing 2018
62 Acres

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 719                                   145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 51.09 191.85 566.12 15.63 40.15 38.94 72,664
Loader w/ integral Backhoe 719                                   87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 41.48 212.91 183.91 4.31 30.80 29.87 20,036
Small backhoe 719                                   55 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 26.22 134.60 116.27 2.72 19.47 18.89 12,667

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 329 230 16 8.24E-05 9.60E-04 3.52E-03 2.34E-05 6.14E-05 5.95E-05 3 0 5 19 0 0 0 18,308

Subtotal (lbs): 119 544 885 23 91 88 123,675

 Table 34. Building Demolition - 2018
2,183 SF 109 Estimated CY of debris based on 20 SF/CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Hydraulic excavator 18 86 0.59 0.45 3.84 4.70 0.13 0.45 0.43 594.79 10 88 108 3 10 10 13,699
Wheel Loader w/ integral Backhoe 18 87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 12 61 53 1 9 9 5,736
Wheel mounted air compressor 18 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 4 33 59 2 7 7 7,810

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 10 230 27 8.24E-05 9.60E-04 3.52E-03 2.34E-05 6.14E-05 5.95E-05 3.43 0.3 3.0 10.9 0.1 0.2 0.2 10,589.5

Subtotal (lbs): 27 186 231 6 26 26 37,835

 Table 35. Demo Asphalt/Concrete- 2018
7,194 SF 147 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
D-6K Crawler Dozer with attachments 17 125 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 1 3 12 0 1 1 1,516
Wheel mounted air compressor 17 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 0 3 5 0 1 1 660
Excavator with attachments 6 380 0.59 0.31 2.50 4.51 0.13 0.55 0.54 595.21 1 7 13 0 2 2 1,764

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 14 230 27 8.24E-05 9.60E-04 3.52E-03 2.34E-05 6.14E-05 5.95E-05 3 0.0 0 1 0 0 0 1,264

Subtotal (lbs): 2 14 31 1 3 3 5,204



 Table 36. Site Prep - Excavate/Fill - Trenching - Grading 2018
Site Prep - Excavate/Fill (CY) 35,375 CY Assume 60% hauled in or out 21,225 CY hauled

Trenching (LF) 377 LF Assume 4 ft deep trench, 5 feet wide 279 CY Assume 60% hauled in or out 168 CY hauled
Grading (SY) 340,421 SF Convert 37,821 SY Assume compact 0.5 feet (0.166 yards) 6,303 CY compacted

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Backhoe Excavator 71 243 0.59 0.34 1.21 4.03 0.12 0.22 0.22 535.79 7.69 27.04 90.11 2.58 4.98 4.83 11,982
Skid Steer Loader 340 160 0.23 0.38 1.47 4.34 0.12 0.31 0.30 535.67 10.56 40.50 119.53 3.17 8.41 8.16 14,759
Dozer 157 145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 11.17 41.94 123.76 3.42 8.78 8.51 15,885
Scraper Hauler Excavator 157 365 0.58 0.38 1.42 4.19 0.12 0.30 0.29 535.69 27.68 104.15 307.23 8.46 21.76 21.11 39,308
Compactor 47 103 0.58 0.40 1.57 4.57 0.12 0.32 0.31 535.63 2.43 9.66 28.08 0.71 1.96 1.90 3,294
Grader 280 285 0.58 0.34 1.21 4.07 0.12 0.23 0.22 535.79 35.10 123.32 415.54 11.77 23.03 22.34 54,702
Trenching with backhoe loader 4 87 0.59 0.34 1.21 4.07 0.12 0.23 0.22 535.79 0.16 0.55 1.84 0.05 0.10 0.10 242

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY capacity) 1,278 230 16 8.24E-05 9.60E-04 3.52E-03 2.34E-05 6.14E-05 5.95E-05 3 2 20 73 0 1 1 71,056
Delivery Truck 1 365 45 8.24E-05 9.60E-04 3.52E-03 2.34E-05 6.14E-05 5.95E-05 3 0 0 0 0 0 0 154

Subtotal (lbs): 96 367 1,159 31 70 68 211,381

 Table 37. Building Construction- Structure  - 2018
352,602 SF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Crane 13,399 330 0.58 0.25 1.22 5.26 0.11 0.21 0.20 530 1389.17 6894.95 29738.22 644.96 1174.44 1139.20 2,998,247
Concrete truck 1,763 300 0.43 0.19 1.45 4.32 0.12 0.21 0.20 536 94.07 729.31 2166.39 57.84 105.33 102.17 268,880
Diesel Generator (Assume 5 generators) 1,410 40 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595 24.05 186.49 332.23 9.39 39.77 38.58 43,675

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Diesel Pickup Truck 127 400 30 8.24E-05 9.60E-04 3.52E-03 2.34E-05 6.14E-05 5.95E-05 3 0.31 3.66 13.41 0.09 0.23 0.23 13,057
Delivery Truck 8,462 365 60 8.24E-05 9.60E-04 3.52E-03 2.34E-05 6.14E-05 5.95E-05 3 41.83 487.61 1788.31 11.87 31.17 30.23 1,740,974

Subtotal (lbs): 1549 8302 34039 724 1351 1310 5,064,833

 Table 38. Gravel Work - 2018
5501 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 55 185 0.59 0.34 1.21 4.08 0.12 0.23 0.22 536 5 16 54 2 3 3 7,092
Wheel Loader for Spreading 69 87 0.59 0.35 1.25 4.23 0.12 0.24 0.23 536 3 10 33 1 2 2 4,169
Compactor 41 135 0.43 0.36 1.34 4.45 0.12 0.26 0.25 536 2 7 23 1 1 1 2,794

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (gravel delivery) 711 230 26 8.24E-05 9.60E-04 3.52E-03 2.34E-05 6.14E-05 5.95E-05 3 1.5 17.6 64.6 0.4 1.1 1.1 62,873.2

Subtotal (lbs): 11 50 175 3 7 7 76,929

 Table 39. Concrete Work - Foundation and Sidewalks - 2018

Foundation Work 3,895 CY
Sidewalks, etc. 341 CY
Total 4,236 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Concrete Mixer (3 mixers total to one truck) 223 3.5 0.43 0.69 3.04 6.17 0.13 0.54 0.52 588 0.51 2.25 4.57 0.09 0.40 0.39 435
Concrete Truck 403 300 0.43 0.38 1.75 6.18 0.11 0.27 0.26 530 43.55 200.30 709.33 13.08 30.83 29.90 60,797

Subtotal (lbs): 44 203 714 13 31 30 61,232



 Table 40. Paving Surface and Paving HMA - 2018
Pavement - Surface Area 65,304 SF 806 CY

Paving - HMA 21,767 CF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Grader 200 145 0.59 0.38 1.41 4.16 0.12 0.30 0.29 536 14.20 53.27 156.96 4.35 11.15 10.82 20,206
Steel drum roller/vibratory roller 400 401 0.59 0.34 2.46 5.53 0.12 0.34 0.33 536 71.22 513.81 1,154.75 24.05 70.66 68.54 111,784
Paving Machine 400 164 0.59 0.38 1.44 4.25 0.12 0.30 0.29 536 32.42 123.08 362.81 9.83 25.60 24.83 45,707
Asphalt Curbing Machine 40 130 0.59 0.40 1.57 4.57 0.12 0.32 0.31 536 2.67 10.62 30.88 0.78 2.16 2.09 3,623

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 483 230 17 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3 0.66 7.42 28.25 0.19 0.49 0.48 27,749
Water Truck 640 230 10 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3 0.52 5.89 22.42 0.15 0.39 0.38 22,025

Hot Mix Asphalt (HMA)
Volume of HMA

(ft3) Weight of HMA (tons)
VOC4 CO Nox SO2 PM10 PM2.5 CO2 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/ton of asphalt       lb lb lb lb lb lb lb
Standard Hot Mix Asphalt 21,767 1,578 0.04 - - - - - - 63.12 - - - - - -

Subtotal (lbs): 184.82 714.09 1,756.07 39.34 110.45 107.14 231,094

2019

 Table 41.  Clearing 2019
58 Acres

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 673                                   145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 536 47.79 179.47 529.59 14.62 37.56 36.43 67,976
Loader w/ integral Backhoe 673                                   87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 692 38.80 199.18 172.05 4.03 28.81 27.95 18,744
Small backhoe 673                                   55 0.21 1.43 7.35 6.35 0.15 1.06 1.03 692 24.53 125.92 108.77 2.55 18.21 17.67 11,849

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 308 230 16 8.21E-05 9.74E-04 3.52E-03 2.35E-05 6.15E-05 5.93E-05 3 0 5 18 0 0 0 17,106

Subtotal (lbs): 112 509 828 21 85 82 115,676

 Table 42. Building Demolition - 2019
2,183 SF 109 Estimated CY of debris based on 20 SF/CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Hydraulic excavator 18 86 0.59 0.45 3.84 4.70 0.13 0.45 0.43 594.79 10 88 108 3 10 10 13,699
Wheel Loader w/ integral Backhoe 18 87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 12 61 53 1 9 9 5,736
Wheel mounted air compressor 18 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 4 33 59 2 7 7 7,810

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 10 230 27 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3 0.3 2.8 10.8 0.1 0.2 0.2 10,629

Subtotal (lbs): 27 186 231 6 26 26 37,874

 Table 43. Demo Asphalt/Concrete- 2019
7,194 SF 147 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
D-6K Crawler Dozer with attachments 17 125 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 1 3 12 0 1 1 1,516
Wheel mounted air compressor 17 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 0 3 5 0 1 1 660
Excavator with attachments 6 380 0.59 0.31 2.50 4.51 0.13 0.55 0.54 595.21 1 7 13 0 2 2 1,764

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 14 230 27 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3 0.0 0 1 0 0 0 1,269

Subtotal (lbs): 2 14 31 1 3 3 5,209



 Table 44. Site Prep - Excavate/Fill - Trenching - Grading 2019
Site Prep - Excavate/Fill (CY) 28,309 CY Assume 60% hauled in or out 16,985 CY hauled

Trenching (LF) 165 LF Assume 4 ft deep trench, 5 feet wide 122 CY Assume 60% hauled in or out 73 CY hauled
Grading (SY) 262,395 SF 29,152 SY Assume compact 0.5 feet (0.166 yards) 4,859 CY compacted

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Backhoe Excavator 57 243 0.59 0.34 1.21 4.03 0.12 0.22 0.22 535.79 6.15 21.64 72.11 2.06 3.99 3.87 9,588
Skid Steer Loader 272 160 0.23 0.38 1.47 4.34 0.12 0.31 0.30 535.67 8.45 32.41 95.66 2.54 6.73 6.53 11,811
Dozer 126 145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 8.94 33.56 99.04 2.73 7.02 6.81 12,712
Scraper Hauler Excavator 126 365 0.58 0.38 1.42 4.19 0.12 0.30 0.29 535.69 22.15 83.35 245.86 6.77 17.41 16.89 31,457
Compactor 36 103 0.58 0.40 1.57 4.57 0.12 0.32 0.31 535.63 1.87 7.44 21.64 0.55 1.51 1.47 2,539
Grader 216 285 0.58 0.34 1.21 4.07 0.12 0.23 0.22 535.79 27.06 95.05 320.29 9.07 17.75 17.22 42,164
Trenching with backhoe loader 2 87 0.59 0.34 1.21 4.07 0.12 0.23 0.22 535.79 0.07 0.24 0.80 0.02 0.04 0.04 106

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY capacity) 1,019 230 16 8.21E-05 9.74E-04 3.52E-03 2.35E-05 6.15E-05 5.93E-05 3 1 16 58 0 1 1 56,595
Delivery Truck 1 365 45 8.21E-05 9.74E-04 3.52E-03 2.35E-05 6.15E-05 5.93E-05 3 0 0 0 0 0 0 154

Subtotal (lbs): 76 290 914 24 55 54 167,125

 Table 45. Building Construction- Structure  - 2019
176,797 SF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Crane 6,718 330 0.58 0.25 1.22 5.26 0.11 0.21 0.20 530 696.54 3457.17 14910.94 323.39 588.87 571.20 1,503,341
Concrete truck 884 300 0.43 0.19 1.45 4.32 0.12 0.21 0.20 536 47.17 365.68 1086.24 29.00 52.81 51.23 134,818
Diesel Generator (Assume 5 generators) 707 40 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595 12.06 93.51 166.58 4.71 19.94 19.34 21,899

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Diesel Pickup Truck 64 400 30 8.21E-05 9.74E-04 3.52E-03 2.35E-05 6.15E-05 5.93E-05 3 0.16 1.86 6.72 0.04 0.12 0.11 6,539
Delivery Truck 4,243 365 60 8.21E-05 9.74E-04 3.52E-03 2.35E-05 6.15E-05 5.93E-05 3 20.91 247.96 895.52 5.98 15.66 15.10 871,912

Subtotal (lbs): 777 4166 17066 363 677 657 2,538,509

 Table 46. Gravel Work - 2019
4,156 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 42 185 0.59 0.34 1.21 4.08 0.12 0.23 0.22 536 3 12 41 1 2 2 5,358
Wheel Loader for Spreading 52 87 0.59 0.35 1.25 4.23 0.12 0.24 0.23 536 2 7 25 1 1 1 3,150
Compactor 31 135 0.43 0.36 1.34 4.45 0.12 0.26 0.25 536 1 5 18 0 1 1 2,111

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (gravel delivery) 537 230 26 8.21E-05 9.74E-04 3.52E-03 2.35E-05 6.15E-05 5.93E-05 3 1.1 13.5 48.7 0.3 0.9 0.8 47,444.9

Subtotal (lbs): 8 38 132 3 6 5 58,064

 Table 47. Concrete Work - Foundation and Sidewalks - 2019
Foundation Work 2,751 CY
Sidewalks, etc. 265 CY
Total 3,016 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Concrete Mixer (3 mixers total to one truck) 159 3.5 0.43 0.69 3.04 6.17 0.13 0.54 0.52 588 0.36 1.60 3.25 0.07 0.28 0.28 310
Concrete Truck 287 300 0.43 0.38 1.75 6.18 0.11 0.27 0.26 530 31.01 142.61 505.04 9.31 21.95 21.29 43,287

Subtotal (lbs): 31 144 508 9 22 22 43,597



 Table 48. Paving Surface and Paving HMA - 2019

Paving - HMA 16,354 CF
Pavement - Surface Area 49,064 SF 606 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Grader 150 145 0.59 0.38 1.41 4.16 0.12 0.30 0.29 536 10.67 40.02 117.93 3.27 8.38 8.13 15,181
Steel drum roller/vibratory roller 301 401 0.59 0.34 2.46 5.53 0.12 0.34 0.33 536 53.51 386.04 867.58 18.07 53.09 51.50 83,985
Paving Machine 301 164 0.59 0.38 1.44 4.25 0.12 0.30 0.29 536 24.36 92.47 272.59 7.39 19.23 18.66 34,341
Asphalt Curbing Machine 30 130 0.59 0.40 1.57 4.57 0.12 0.32 0.31 536 2.01 7.98 23.20 0.59 1.62 1.57 2,722

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 363 230 17 8.21E-05 9.74E-04 3.52E-03 2.35E-05 6.15E-05 5.93E-05 3 0.50 5.90 21.31 0.14 0.37 0.36 20,747
Water Truck 481 230 10 8.21E-05 9.74E-04 3.52E-03 2.35E-05 6.15E-05 5.93E-05 3 0.39 4.68 16.91 0.11 0.30 0.29 16,467

Hot Mix Asphalt (HMA)
Volume of HMA

(ft3) Weight of HMA (tons)
VOC4 CO Nox SO2 PM10 PM2.5 CO2 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/ton of asphalt       lb lb lb lb lb lb lb
Standard Hot Mix Asphalt 16,354 1,186 0.04 - - - - - - 47.43 - - - - - -

Subtotal (lbs): 139 537 1,320 30 83 80 173,443

2020

 Table 49.  Clearing 2020
58 Acres

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 673                                   145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 536 47.79 179.47 529.59 14.62 37.56 36.43 67,976
Loader w/ integral Backhoe 673                                   87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 692 38.80 199.18 172.05 4.03 28.81 27.95 18,744
Small backhoe 673                                   55 0.21 1.43 7.35 6.35 0.15 1.06 1.03 692 24.53 125.92 108.77 2.55 18.21 17.67 11,849

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 308 230 16 8.19E-05 1.01E-03 3.51E-03 2.36E-05 6.10E-05 5.91E-05 3 0 5 18 0 0 0 17,071

Subtotal (lbs): 112 510 828 21 85 82 115,640

 Table 50. Building Demolition - 2020
2,183 SF 109 Estimated CY of debris based on 20 SF/CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Hydraulic excavator 18 86 0.59 0.45 3.84 4.70 0.13 0.45 0.43 594.79 10 88 108 3 10 10 13,699
Wheel Loader w/ integral Backhoe 18 87 0.21 1.43 7.35 6.35 0.15 1.06 1.03 691.66 12 61 53 1 9 9 5,736
Wheel mounted air compressor 18 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 4 33 59 2 7 7 7,810

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 10 230 27 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3 0.3 2.8 10.8 0.1 0.2 0.2 10,628.8

Subtotal (lbs): 27 186 231 6 26 26 37,874

 Table 51. Demo Asphalt/Concrete- 2020
7,194 SF 147 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
D-6K Crawler Dozer with attachments 17 125 0.59 0.34 1.21 4.08 0.12 0.23 0.22 535.79 1 3 12 0 1 1 1,516
Wheel mounted air compressor 17 49 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595.16 0 3 5 0 1 1 660
Excavator with attachments 6 380 0.59 0.31 2.50 4.51 0.13 0.55 0.54 595.21 1 7 13 0 2 2 1,764

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY Capacity) 14 230 27 8.20E-05 9.20E-04 3.50E-03 2.35E-05 6.10E-05 5.94E-05 3 0.0 0 1 0 0 0 1,269

Subtotal (lbs): 2 14 31 1 3 3 5,209



 Table 52. Site Prep - Excavate/Fill - Trenching - Grading 2020
Site Prep - Excavate/Fill (CY) 28,309 CY Assume 60% hauled in or out 16,985 CY hauled

Trenching (LF) 165 LF Assume 4 ft deep trench, 5 feet wide 122 CY Assume 60% hauled in or out 73 CY hauled
Grading (SY) 262,395 SF Convert 29,152 SY Assume compact 0.5 feet (0.166 yards) 4,859 CY compacted

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Backhoe Excavator 57 243 0.59 0.34 1.21 4.03 0.12 0.22 0.22 535.79 6.15 21.64 72.11 2.06 3.99 3.87 9,588
Skid Steer Loader 272 160 0.23 0.38 1.47 4.34 0.12 0.31 0.30 535.67 8.45 32.41 95.66 2.54 6.73 6.53 11,811
Dozer 126 145 0.59 0.38 1.41 4.17 0.12 0.30 0.29 535.69 8.94 33.56 99.04 2.73 7.02 6.81 12,712
Scraper Hauler Excavator 126 365 0.58 0.38 1.42 4.19 0.12 0.30 0.29 535.69 22.15 83.35 245.86 6.77 17.41 16.89 31,457
Compactor 36 103 0.58 0.40 1.57 4.57 0.12 0.32 0.31 535.63 1.87 7.44 21.64 0.55 1.51 1.47 2,539
Grader 216 285 0.58 0.34 1.21 4.07 0.12 0.23 0.22 535.79 27.06 95.05 320.29 9.07 17.75 17.22 42,164
Trenching with backhoe loader 2 87 0.59 0.34 1.21 4.07 0.12 0.23 0.22 535.79 0.07 0.24 0.80 0.02 0.04 0.04 106

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (12 CY capacity) 1,019 230 16 8.19E-05 1.01E-03 3.51E-03 2.36E-05 6.10E-05 5.91E-05 3 1 17 58 0 1 1 56,477
Delivery Truck 1 365 45 8.19E-05 1.01E-03 3.51E-03 2.36E-05 6.10E-05 5.91E-05 3 0 0 0 0 0 0 154

Subtotal (lbs): 76 290 914 24 55 54 167,007

 Table 53. Building Construction- Structure  - 2020
176,797 SF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Crane 6,718 330 0.58 0.25 1.22 5.26 0.11 0.21 0.20 530 696.54 3457.17 14910.94 323.39 588.87 571.20 1,503,341
Concrete truck 884 300 0.43 0.19 1.45 4.32 0.12 0.21 0.20 536 47.17 365.68 1086.24 29.00 52.81 51.23 134,818
Diesel Generator (Assume 5 generators) 707 40 0.59 0.33 2.54 4.53 0.13 0.54 0.53 595 12.06 93.51 166.58 4.71 19.94 19.34 21,899

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Diesel Pickup Truck 64 400 30 8.19E-05 1.01E-03 3.51E-03 2.36E-05 6.10E-05 5.91E-05 3 0.16 1.93 6.70 0.04 0.12 0.11 6,526
Delivery Truck 4,243 365 60 8.19E-05 1.01E-03 3.51E-03 2.36E-05 6.10E-05 5.91E-05 3 20.86 256.87 893.78 6.00 15.53 15.04 870,092

Subtotal (lbs): 777 4175 17064 363 677 657 2,536,676

 Table 54. Gravel Work - 2020
4,156 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Dozer 42 185 0.59 0.34 1.21 4.08 0.12 0.23 0.22 536 3.44 12.07 40.81 1.15 2.26 2.19 5,358
Wheel Loader for Spreading 52 87 0.59 0.35 1.25 4.23 0.12 0.24 0.23 536 2.05 7.34 24.89 0.68 1.40 1.36 3,150
Compactor 31 135 0.43 0.36 1.34 4.45 0.12 0.26 0.25 536 1.42 5.27 17.54 0.45 1.01 0.98 2,111

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck (gravel delivery) 537 230 26 8.19E-05 1.01E-03 3.51E-03 2.36E-05 6.10E-05 5.91E-05 3 1.13 13.98 48.63 0.33 0.84 0.82 47,345.9

Subtotal (lbs): 8 39 132 3 6 5 57,965

 Table 55. Concrete Work - Foundation and Sidewalks - 2020
Foundation Work 2,751 CY
Sidewalks, etc. 265 CY
Total 3,016 CY

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Concrete Mixer (3 mixers total to one truck) 159 3.5 0.43 0.69 3.04 6.17 0.13 0.54 0.52 588 0.36 1.60 3.25 0.07 0.28 0.28 310
Concrete Truck 287 300 0.43 0.38 1.75 6.18 0.11 0.27 0.26 530 31.01 142.61 505.04 9.31 21.95 21.29 43,287

Subtotal (lbs): 31 144 508 9 22 22 43,597



 Table 56. Paving Surface and Paving HMA - 2020
Pavement - Surface Area 49,064 SF 606 CY

Paving - HMA 16,354 CF

Off-road Equipment
Cumulative Hours of 

Operation1 Engine HP Load Factor

VOC2 CO2 NOx2 SO2
2 PM102 PM2.52 CO2

2 VOC CO NOx SO2 PM10 PM2.5 CO2

g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr g/hp-hr lb lb lb lb lb lb lb
Grader 150 145 0.59 0.38 1.41 4.16 0.12 0.30 0.29 536 10.67 40.02 117.93 3.27 8.38 8.13 15,181
Steel drum roller/vibratory roller 301 401 0.59 0.34 2.46 5.53 0.12 0.34 0.33 536 53.51 386.04 867.58 18.07 53.09 51.50 83,985
Paving Machine 301 164 0.59 0.38 1.44 4.25 0.12 0.30 0.29 536 24.36 92.47 272.59 7.39 19.23 18.66 34,341
Asphalt Curbing Machine 30 130 0.59 0.40 1.57 4.57 0.12 0.32 0.31 536 2.01 7.98 23.20 0.59 1.62 1.57 2,722

On-road Equipment
Cumulative Hours of 

Operation1 Engine HP
Productivity based 
Speed (miles/hour)

VOC3 CO3 NOx3 SO2
3 PM103 PM2.53 CO2

3 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb/mile lb lb lb lb lb lb lb
Dump Truck 363 230 17 8.19E-05 1.01E-03 3.51E-03 2.36E-05 6.10E-05 5.91E-05 3 0.50 6.11 21.27 0.14 0.37 0.36 20,703
Water Truck 481 230 10 8.19E-05 1.01E-03 3.51E-03 2.36E-05 6.10E-05 5.91E-05 3 0.39 4.85 16.88 0.11 0.29 0.28 16,433

Hot Mix Asphalt (HMA)
Volume of HMA

(ft3) Weight of HMA (tons)
VOC4 CO Nox SO2 PM10 PM2.5 CO2 VOC CO NOx SO2 PM10 PM2.5 CO2

lb/ton of asphalt       lb lb lb lb lb lb lb
Standard Hot Mix Asphalt 16,354 1,186 0.04 - - - - - - 47.43 - - - - - -

Subtotal (lbs): 139 537 1,319 30 83 80 173,365

 Table 57. Fugitive Dust Emissions

PM 10 days of
PM 10 PM 2.5/PM 10 PM 2.5

Total Ratio Total
Year tons/acre/mo acres disturbance

2014 0.42 28 250 146.1 0.1 14.6
2015 0.42 28 250 146.1 0.1 14.6
2016 0.42 29 250 151.4 0.1 15.1
2017 0.42 34 250 179.4 0.1 17.9
2018 0.42 6 250 33.3 0.1 3.3
2019 0.42 5 250 28.0 0.1 2.8
2020 0.42 5 250 28.0 0.1 2.8

 Table 58. Construction Emission Summary by Year

Year
VOC CO NOx SO2 PM10 PM2.5 CO2e

tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr
2014 2.7 11.5 33.5 0.8 148.0 16.4 4,532
2015 2.7 11.5 33.6 0.8 148.0 16.4 4,412
2016 3.2 13.8 42.7 1.0 153.6 17.3 5,742
2017 3.7 16.7 53.1 1.2 182.1 20.5 7,147
2018 1.0 5.2 19.5 0.4 34.1 4.1 2,636
2019 0.6 2.9 10.5 0.2 28.5 3.3 1,424
2020 0.6 2.9 10.5 0.2 28.5 3.3 1,423

1Complied from 2010 National Estimator, Equipment Manufacture's websites such as Freightliner and Cat, PACES, U.S. EPA. Open Burning and Construction Activities: Improved PM Fine Emission Estimation Techniques in the Nation Emissions Inventory, Ohio Emergency Management Agency. 
Appendix F Debris Estimating Guides, and Henderson, Chris.  Project Management for Construction.  Fundamental Concepts for Owners, Engineers, Architects, and Builders. Version 2.2. 2008
2US EPA NONROAD2008a Model
3MOVES (Motor Vehicle Emission Simulator) 
2010/08/26
4California Air Resources Board. "Comparison of Asphalt Paving Emission Factors." Draft 5/11/05



TAB C.  COMMUTER EMISSIONS  

Table 1.  2014 Construction Workers 213 1construction workers

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 2mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 21 240 80 1.175E-04 1.096E-02 9.232E-04 0.000E+00 4.56841E-05 4.11753E-05 519.00 0.04 0.05 48.07 4483.92 377.57 0.00 18.68 16.84 212,250,240 14,723 19,221

passenger vehicles 170 240 80 1.166E-04 1.382E-02 8.183E-04 6.180E-06 6.76923E-05 6.13809E-05 182.00 0.02 0.02 381.42 45209.14 2677.28 20.22 221.47 200.82 595,445,760 52,347 52,347
 Tons per Year 0.21 24.85 1.53 0.01 0.12 0.11

 Metric Tons per Year 808 0.07 0.07
CO2e in metric tons/year 831

Table 2.  2015 Construction Workers 213 1construction workers

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 21 240 80 1.142E-04 1.072E-02 9.093E-04 0.000E+00 4.85082E-05 4.2586E-05 519.00 0.04 0.05 46.70 4384.96 371.86 0.00 19.84 17.42 212,250,240 14,723 19,221

passenger vehicles 170 240 80 1.034E-04 1.284E-02 6.461E-04 6.531E-06 6.5688E-05 5.95411E-05 182.00 0.02 0.02 338.34 42018.09 2113.67 21.37 214.91 194.80 595,445,760 52,347 52,347
 Tons per Year 0.19 23.20 1.24 0.01 0.12 0.11
   Metric Tons per Year 808 0.07 0.07

CO2e in metric tons/year 831

Table 3.  2016 Construction Workers 393 1construction workers

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 39 240 80 1.124E-04 1.045E-02 8.967E-04 0.000E+00 4.90407E-05 4.40092E-05 519.00 0.04 0.05 84.80 7884.20 676.61 0.00 37.00 33.21 391,616,640 27,164 35,464

passenger vehicles 314 240 80 9.775E-05 1.216E-02 5.813E-04 6.822E-06 6.3817E-05 5.78549E-05 182.00 0.02 0.02 590.06 73414.00 3508.71 41.18 385.23 349.24 1,098,639,360 96,584 96,584
 Tons per Year 0.34 40.65 2.09 0.02 0.21 0.19
   Metric Tons per Year 1,490 0.12 0.13

CO2e in metric tons/year 1,534

Table 4.  2017 Construction Workers 532 1construction workers

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 53 240 80 1.089E-04 1.013E-02 8.840E-04 0.000E+00 4.73247E-05 4.40133E-05 519.00 0.04 0.05 111.25 10348.23 902.98 0.00 48.34 44.96 530,127,360 36,772 48,008

passenger vehicles 426 240 80 9.382E-05 1.162E-02 5.389E-04 7.028E-06 6.16122E-05 5.59427E-05 182.00 0.02 0.02 766.63 94924.72 4403.97 57.43 503.47 457.14 1,487,216,640 130,744 130,744
 Tons per Year 0.44 52.64 2.65 0.03 0.28 0.25
   Metric Tons per Year 2,017 0.17 0.18

CO2e in metric tons/year 2,076

Table 5.  2018 Construction Workers 319 1construction workers

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 32 240 80 1.067E-04 9.833E-03 8.696E-04 0.000E+00 4.66181E-05 4.4434E-05 519.00 0.04 0.05 65.34 6022.34 532.64 0.00 28.55 27.21 317,877,120 22,049 28,787

passenger vehicles 255 240 80 8.991E-05 1.112E-02 5.093E-04 7.204E-06 5.93055E-05 5.39807E-05 182.00 0.02 0.02 440.53 54480.16 2495.46 35.30 290.59 264.50 891,770,880 78,397 78,397
 Tons per Year 0.25 30.25 1.51 0.02 0.16 0.15
   Metric Tons per Year 1,210 0.10 0.11

CO2e in metric tons/year 1,245

Table 6.  2019 Construction Workers 139 1construction workers

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 14 240 80 1.067E-04 9.557E-03 8.561E-04 0.000E+00 4.65353E-05 4.39866E-05 519.00 0.04 0.05 28.47 2550.60 228.47 0.00 12.42 11.74 138,510,720 9,608 12,543

passenger vehicles 111 240 80 8.593E-05 1.067E-02 4.873E-04 7.357E-06 5.68927E-05 5.19227E-05 182.00 0.02 0.02 183.46 22791.17 1040.36 15.71 121.47 110.86 388,577,280 34,161 34,161
 Tons per Year 0.11 12.67 0.63 0.01 0.07 0.06
   Metric Tons per Year 527 0.04 0.05

CO2e in metric tons/year 542



Table 7.  2020 Construction Workers 139 1construction workers

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 14 240 80 1.023E-04 9.232E-03 8.406E-04 0.000E+00 4.61531E-05 4.13221E-05 519.00 0.04 0.05 27.31 2463.95 224.34 0.00 12.32 11.03 138,510,720 9,608 12,543

passenger vehicles 111 240 80 8.221E-05 1.025E-02 4.682E-04 7.654E-06 5.49388E-05 5.032E-05 182.00 0.02 0.02 175.53 21887.06 999.52 16.34 117.30 107.44 388,577,280 34,161 34,161
 Tons per Year 0.10 12.18 0.61 0.01 0.06 0.06
   Metric Tons per Year 527 0.04 0.05

CO2e in metric tons/year 542

Table 8.  2017 Instructors and Staff Commuters 460 6Employees 460 6Average Daily Trips

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
passenger vehicles 410 240 40 1.089E-04 1.013E-02 8.840E-04 0.000E+00 4.73247E-05 4.40133E-05 182.00 0.02 0.02 428.67 39875.68 3479.52 0.00 186.27 173.24 716,352,000 62,976 62,976

carpool 25 240 45 1.269E-04 1.189E-02 9.205E-04 8.699E-07 3.68692E-05 3.46772E-05 519.00 0.04 0.05 34.25 3209.99 248.53 0.23 9.95 9.36 140,130,000 9,720 12,690
 Tons per Year 0.23 21.54 1.86 0.00 0.10 0.09
   Metric Tons per Year 856 0.07 0.08

CO2e in metric tons/year 881

Table 9.  2018 Instructors and Staff Commuters 663 6Employees 663 6Average Daily Trips

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
passenger vehicles 591 240 40 1.067E-04 9.833E-03 8.696E-04 0.000E+00 4.66181E-05 4.4434E-05 182.00 0.02 0.02 605.24 55780.69 4933.45 0.00 264.46 252.07 1,032,481,252 90,768 90,768

carpool 36 240 45 1.254E-04 1.154E-02 9.085E-04 7.291E-07 3.58417E-05 3.37851E-05 519.00 0.04 0.05 48.80 4490.11 353.56 0.28 13.95 13.15 201,969,978 14,009 18,290
 Tons per Year 0.33 30.14 2.64 0.00 0.14 0.13
   Metric Tons per Year 1,234 0.10 0.11

CO2e in metric tons/year 1,270

Table 10.  2019 Instructors and Staff Commuters 867 6Employees 867 6Average Daily Trips

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
passenger vehicles 773 240 40 8.593E-05 1.067E-02 4.873E-04 7.357E-06 5.68927E-05 5.19227E-05 182.00 0.02 0.02 637.45 79191.22 3614.88 54.58 422.06 385.19 1,350,167,791 118,696 118,696

carpool 47 240 45 1.067E-04 9.557E-03 8.561E-04 0.000E+00 4.65353E-05 4.39866E-05 519.00 0.04 0.05 54.29 4863.52 435.66 0.00 23.68 22.38 264,114,587 18,320 23,918
 Tons per Year 0.35 42.03 2.03 0.03 0.22 0.20
   Metric Tons per Year 1,614 0.14 0.14

CO2e in metric tons/year 1,661

Table 11.  2020 + Instructors and Staff Commuters 1070 6Employees 1070 6Average Daily Trips

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
passenger vehicles 954 240 40 8.221E-05 1.025E-02 4.682E-04 7.654E-06 5.49388E-05 5.032E-05 182.00 0.02 0.02 752.71 93856.10 4286.15 70.08 502.99 460.70 1,666,297,043 146,488 146,488

carpool 58 240 45 1.023E-04 9.232E-03 8.406E-04 0.000E+00 4.61531E-05 4.13221E-05 519.00 0.04 0.05 64.26 5798.36 527.93 0.00 28.99 25.95 325,954,565 22,610 29,518
 Tons per Year 0.41 49.83 2.41 0.04 0.27 0.24
   Metric Tons per Year 1,992 0.17 0.18

CO2e in metric tons/year 2,050

Table 12.  2017-2020 Student Shuttles Area Hotels 260 6Students 11 6Average Daily Trips

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
25 Passenger Van 11 240 40 1.089E-04 1.013E-02 8.840E-04 0.000E+00 4.73247E-05 4.40133E-05 519.00 0.04 0.05 11.50 1069.84 93.35 0.00 5.00 4.65 54,806,400 3,802 4,963

 Tons per Year 0.01 0.53 0.05 0.00 0.00 0.00
   Metric Tons per Year 55 0.00 0.00

CO2e in metric tons/year 56

Assume no Student Shuttle from Dorms until 2020

Table 13.  2020 Student Shuttles Dorm Bus 270 6Students 11 6Average Daily Trips

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 11 240 5 1.023E-04 9.232E-03 8.406E-04 0.000E+00 4.61531E-05 4.13221E-05 519.00 0.04 0.05 1.33 119.65 10.89 0.00 0.60 0.54 6,726,240 467 609

 Tons per Year 0.00 0.06 0.01 0.00 0.00 0.00
   Metric Tons per Year 7 0.00 0.00

CO2e in metric tons/year 7



Table 14. 2020 Student POV 180 6Students 180 6Average Daily Trips only allowed to drive in once (Sunday) and out once (Friday)

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
passenger vehicles 160 100 176 9.382E-05 1.162E-02 5.389E-04 7.028E-06 6.16122E-05 5.59427E-05 182.00 0.02 0.02 264.91 32801.05 1521.78 19.85 173.97 157.96 513,904,696 45,178 45,178

carpool 10 100 176 1.089E-04 1.013E-02 8.840E-04 0.000E+00 4.73247E-05 4.40133E-05 519.00 0.04 0.05 18.75 1744.30 152.21 0.00 8.15 7.58 89,358,261 6,198 8,092
 Tons per Year 0.14 17.27 0.84 0.01 0.09 0.08
   Metric Tons per Year 603 0.05 0.05

CO2e in metric tons/year 621

Table 15. Student Shuttles from Washington Dulles Airport 189 6Students 8 6Average Daily Trips drive in once (Sunday) and out once (Friday)

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 8 100 176 1.089E-04 1.013E-02 8.840E-04 0.000E+00 4.73247E-05 4.40133E-05 519.00 0.04 0.05 14.49 1347.99 117.62 0.00 6.30 5.86 69,056,064 4,790 6,254

 Tons per Year 0.01 0.67 0.06 0.00 0.00 0.00
   Metric Tons per Year 69 0.00 0.01

CO2e in metric tons/year 71

Table 16. Student Shuttles for Richmond International Airport 81 6Students 4 6Average Daily Trips drive in once (Sunday) and out once (Friday)

3VOCs 3CO 3NOx 3SO2
3PM10

3PM2.5
4,5CO2

4,5CH4
4,5N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Vehicles # vehicles # days 4mi/day lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
carpool 4 100 62 1.089E-04 1.013E-02 8.840E-04 0.000E+00 4.73247E-05 4.40133E-05 519.00 0.04 0.05 2.70 251.25 21.92 0.00 1.17 1.09 12,871,200 893 1,166

 Tons per Year 0.00 0.13 0.01 0.00 0.00 0.00
   Metric Tons per Year 13 0.00 0.00

CO2e in metric tons/year 13
1Construction worker population from calculations based on "Estimate of Construction Labor", EnVErgie Consulting, LLC, January 2012.
2Construction worker commute is based on need for worker pool drawn from Richmond/Petersburg VA area due to limited resources in Nottoway County
3 Emission factors from MOVES2010
4Emission Factors from Federal Greenhouse Gas Accounting and Reporting Guidance: Technical Support Document  (CEQ. 2010), Table D-11
5Emission Factors from Federal Greenhouse Gas Accounting and Reporting Guidance: Technical Support Document  (CEQ. 2010), Table D-12
6 Data from: Tentative Trip Generation Summary for Foreign Affairs Security Training Center (FASTC) at Fort Pickett - Nottoway County, Virginia

-Numbers of employees and students are tentative (including student housing options for Phase 1); build alternatives are not final.  
-In Phase 1 all students will be housed at local hotels and transported daily to site using 25 passenger shuttle buses.
-At full build out 250 students will be housed at local hotels and transported daily to site using 25 passenger shuttle buses.  
-At full build out 450 students will be housed on site in dormitories and will arrive on site on Sunday and depart on Friday; 60% will be
bused and 40% will use their personal vehicles (POV).  Trips shown for students in dormitories are applicable to Friday only.
Commuter Assumptions:

1. 90% of instructors and support staff will live within 50 miles of FASTC.
2. Most instructors and support staff will arrive via personal vehicles. 

Perhaps 40-50 may utilize expanded commercial van pools from the greater Richmond area.
3. Instructors and support staff will arrive between 06:30 and 08:15 and depart at 17:00.
4. No on-site housing for students.  All students will be housed in area hotels.
5. Students will not use personal vehicles; all will be transported daily to FASTC using 25 passenger shuttle buses.
6. Students buses from hotels will arrive between 07:30 and 08:00 and depart at 17:00.
7. 70% of students arriving on buses will come from Washington Dulles Airport.  30% of the students arriving on buses will come from Richmond International Airport.

Table 17. Construction POV Emissions Summary

Year
VOC CO NOx SO2 PM10 PM2.5 CO2e

tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr
2014 0.2 24.8 1.5 0.0 0.1 0.1 831
2015 0.2 23.2 1.2 0.0 0.1 0.1 831
2016 0.3 40.6 2.1 0.0 0.2 0.2 1,534
2017 0.4 52.6 2.7 0.0 0.3 0.3 2,076
2018 0.3 30.3 1.5 0.0 0.2 0.1 1,245
2019 0.1 12.7 0.6 0.0 0.1 0.1 542
2020 0.1 12.2 0.6 0.0 0.1 0.1 542

Table 18.  Operational POV Emissions Summary

Year
VOC CO NOx SO2 PM10 PM2.5 CO2e

tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr
2017 0.4 40.2 2.8 0.0 0.2 0.2 1,643
2018 0.5 48.7 3.6 0.0 0.2 0.2 2,032
2019 0.5 60.6 3.0 0.0 0.3 0.3 2,423
2020 0.6 68.5 3.4 0.0 0.4 0.3 2,819



TAB D.  TRACK OPERATION EMISSIONS

Table 1. D02 High-Speed Anti-Terrorism Driving 2020 270 1Vehicles/day Track 1
270 1Vehicles/day Track 2
270 1Vehicles/day Track 3

count of miles 2VOCs 2CO 2NOx 2SO2
2PM10

2PM2.5
3,4CO2

3,4CH4
3,4N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Track Vehicles vehicles # days per trip lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
1 cars 270 250 1.7 3.037E-04 1.928E-02 2.186E-03 2.565E-06 7.74307E-05 6.83189E-05 182.00 0.02 0.02 34.85 2211.81 250.81 0.29 8.89 7.84 20,884,500 1,836 1,836
2 cars 270 250 2.5 3.037E-04 1.928E-02 2.186E-03 2.565E-06 7.74307E-05 6.83189E-05 182.00 0.02 0.02 51.25 3252.67 368.84 0.43 13.07 11.53 30,712,500 2,700 2,700
3 cars 270 250 2.0 3.037E-04 1.928E-02 2.186E-03 2.565E-06 7.74307E-05 6.83189E-05 182.00 0.02 0.02 41.00 2602.14 295.07 0.35 10.45 9.22 24,570,000 2,160 2,160

 Tons per Year 0.06 4.03 0.46 0.00 0.02 0.01
   Metric Tons per Year 76 0.01 0.01

CO2e in metric tons/year 78

Table 2. Mock Urban Driving Course Exercises 36 1Vehicles/day MUOT D03

count of miles 2VOCs 2CO 2NOx 2SO2
2PM10

2PM2.5
3,4CO2

3,4CH4
3,4N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Track Vehicles vehicles # days per trip lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
MUOT cars 36 250 6.3 4.299E-04 1.804E-02 2.058E-03 5.449E-06 9.05872E-05 8.09908E-05 182.00 0.02 0.02 24.38 1022.78 116.71 0.31 5.14 4.59 10,319,400 907 907

 Tons per Year 0.01 0.51 0.06 0.00 0.00 0.00
   Metric Tons per Year 10 0.00 0.00

CO2e in metric tons/year 11

Table 3.  Urban Drive Course Exercises for E04, Explosives Simulation Alley 36 1Vehicles/day ESA E04

count of miles 2VOCs 2CO 2NOx 2SO2
2PM10

2PM2.5
3,4CO2

3,4CH4
3,4N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Track Vehicles vehicles # days per trip lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
ESA cars 36 250 1.8 4.761E-04 1.774E-02 2.056E-03 6.616E-06 8.10285E-05 7.16157E-05 182.00 0.02 0.02 7.71 287.32 33.31 0.11 1.31 1.16 2,948,400 259 259

 Tons per Year 0.00 0.14 0.02 0.00 0.00 0.00
   Metric Tons per Year 3 0.00 0.00

CO2e in metric tons/year 3

Table 4.  Rural Drive Course Exercises for E04, Explosives Simulation Alley 36 1Vehicles/day ESA E04

count of miles 2VOCs 2CO 2NOx 2SO2
2PM10

2PM2.5
3,4CO2

3,4CH4
3,4N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Track Vehicles vehicles # days per trip lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
ESA SUV/pickups 36 250 1.8 7.462E-04 2.742E-02 3.899E-03 4.146E-06 0.000109867 9.88276E-05 364.00 0.03 0.03 12.09 444.24 63.16 0.07 1.78 1.60 5,896,800 502 518

 Tons per Year 0.01 0.22 0.03 0.00 0.00 0.00
   Metric Tons per Year 6 0.00 0.00

CO2e in metric tons/year 6

Table 5.  Off-Road Driving Exercises 16 1Vehicles/day D05

count of miles 2VOCs 2CO 2NOx 2SO2
2PM10

2PM2.5
3,4CO2

3,4CH4
3,4N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Track Vehicles vehicles # days per trip lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
D05 SUV/pickups 16 250 2.4 7.462E-04 2.742E-02 3.899E-03 4.146E-06 0.000109867 9.88276E-05 364.00 0.03 0.03 7.16 263.25 37.43 0.04 1.05 0.95 3,494,400 298 307

 Tons per Year 0.00 0.13 0.02 0.00 0.00 0.00
   Metric Tons per Year 3 0.00 0.00

CO2e in metric tons/year 4

Table 6.  Off-Road Driving Exercises 16 1Vehicles/day D04

count of miles 2VOCs 2CO 2NOx 2SO2
2PM10

2PM2.5
3,4CO2

3,4CH4
3,4N2O VOCs CO NOx SO2 PM10 PM2.5 CO2 CH4 N2O

Track Vehicles vehicles # days per trip lb/mi lb/mi lb/mi lb/mi lb/mi lb/mi g/mi g/mi g/mi lb lb lb lb lb lb g g g
D04 SUV/pickups 16 250 2.6 7.462E-04 2.742E-02 3.899E-03 4.146E-06 0.000109867 9.88276E-05 364.00 0.03 0.03 7.76 285.19 40.55 0.04 1.14 1.03 3,785,600 322 333

 Tons per Year 0.00 0.14 0.02 0.00 0.00 0.00
   Metric Tons per Year 4 0.00 0.00

CO2e in metric tons/year 4

Table 7. Tracks Emissions Summary
VOC CO NOx SO2 PM10 PM2.5 CO2e

tons/yr tons/yr tons/yr tons/yr tons/yr tons/yr tonnes/yr
Tracks 0.1 5.2 0.6 0.0 0.0 0.0 106

4Emission Factors from Federal Greenhouse Gas Accounting and Reporting Guidance: Technical Support Document  (CEQ. 2010), Table D-12

3Emission Factors from Federal Greenhouse Gas Accounting and Reporting Guidance: Technical Support Document  (CEQ. 2010), Table D-11

2 Emission factors from MOVES2010

1Vehicle counts from Noise Modeling Data Validation Package for FASTC EIS/MP, Blue Ridge Research and Consulting, February 2012.



Generator size CO NOx PM SO2 VOC CO2 CH4
kW # lb/yr lb/yr lb/yr lb/yr lb/yr lb/yr lb/yr
13 2 17 79 6 N.D. 6 2926 N.D.
30 1 20 91 6 N.D. 7 3376 N.D.
50 1 33 152 11 N.D. 12 5626 N.D.

125 2 163 758 54 N.D. 62 28132 N.D.
700 1 377 890 48 28 44 79455 48

Tons/yr 0.30 0.99 0.06 0.01 0.07 59.76 0.02
metric tons/yr CO2e = 54.67

TAB E. OPERATIONAL EMISSIONS FROM STATIONARY SOURCES

Table 1.  Operational Emissions - Emergency Generators

146 Total
Emission Factors

Diesel Fuel a, b

> 447 kW  or > 600 hp

Emission Factors
Diesel Fuel a, b

< 447 kW  or < 600 hp
Pollutant lb/hp-hr lb/hp-hr

CO 0.0055 0.00668
NOx 0.013 0.031
PM 0.0007 0.0022

cSO2 0.00809 N.D.
S 0.05 N.D.

VOC 0.000642 0.0025141
CO2 1.16 1.15
CH4 0.000705 N.D.

Heat Input

(MMBtu/hr)a
Fuel Type

Annual

Hours of 
Operation

Est. Qty
Oil 

consumed 
Annually 

(gal)
3.35 Oil 2186         65,580 
1.34 Oil 2735         32,820 
1.34 Oil 2735         32,820 
1.34 Oil 2918         35,016 
0.39 Oil 2186           6,012 
3.35 Oil 2186         65,580 
1.34 Oil 2735         32,820 
1.34 Oil 2735         32,820 
1.34 Oil 2735         32,820 
1.34 Oil 2735         32,820 
3.35 Oil 2186         65,580 
1.00 Oil 2186         19,674 
0.32 Oil 2186           4,919 
0.14 Oil 2186           2,186 
0.18 Oil 2186           2,733 
1.00 Oil 2186         19,674 
1.00 Oil 2186         19,674 
0.25 Oil 2186           3,826 

Oil Burner Input

Manufacture  Boiler Model MBH  GPH 
Utica  SFH-3100W 140                               1 
Utica  SFH-4125W 175                               1 
Utica  SFH-5175W 245                               2 
Utica  SFH-6225W 315                               2 
Utica  SFH-7275W 385                               3 

Cleaver Brooks  CB 30 HP 1004                               9 
Cleaver Brooks  CB 40 HP 1339                             12 
Cleaver Brooks  CB 100 HP 3348                             30 

Assume the IC engines are typically operated 0.5 hours per week for testing and maintenance = 26 hr/yr
Assume additional five 24-hour periods for total power outages per year = 120 hr/yr

50% Load Factor
a Emission factors used to estimate emissions from the consumption of diesel fuel.
b Emission factors from U.S. Environmental Protection Agency.  Compilation 
of Air Pollutant Emission Factors - Volume I (AP-42), Section 3.4, 5th Edition; .
factors based upon power output
c  The variable S in the emissions factor equals the sulfur content of the fuel   
expressed as percent weight.
SO2 factor was assumed to equal 0.05 for diesel fuel.

Table 2. Operational Parameters - Boilers

1-02-005-02/03   Distillate oil fired Boilers <100 Million Btu/hr

Example boiler that is < 10 MM Btu:

Admin and Classroom Building
75 PN Dormitory
75 PN Dormitory
Dining Facility
Firearms Classroom Building
 50-M Indoor Firing Ranges (2 of 4)
75 PN Dormitory
75 PN Dormitory
75 PN Dormitory
75 PN Dormitory
Technical Security Training Center
Jericho Facility
Explosive Breaching Range Classroom 140,000 btu/gal fuel oil
Data Center
Live Fire Shoot House Classroom Assume heat 10/15 to 4/14
Simulation Building 182 heating days
Armory 183 non heating days
Visitor Control Center

Total est. quantity of oil consumed annually 507,372 gal



Table 3.  Emission Factors for Boilers

0.5 Percent Sulfur content in fuel

a Emission factors from U.S. Environmental Protection Agency.  Compilation 
of Air Pollutant Emission Factors - Volume I (AP-42), Section 1.3, 5th Edition.
b Emission factors based on burning fuel oil with a heating value of 140 MMBtu/103 gal
cPM is less than 1 micrometer in size.

Emission Factor 
(lb/103 gal)a,b

Pollutant <100 MMBtu/hr
CO 5
NOx 20
PMc 2
SO2 71
VOC 0.556
CO2 22,300
N2O 0.26
CH4 0.216

Table 4.  Annual Emissions for Boilers

Annual Emissions in lbs
VOC CO NOx SO2 PM CO2 N2O CH4

Admin and Classroom Building 36 328 1312 4656 131 1462434 17.05 14.17
75 PN Dormitory 18 164 656 2330 66 731886 8.53 7.09
75 PN Dormitory 18 164 656 2330 66 731886 8.53 7.09
Dining Facility 19 175 700 2486 70 780856.8 9.10 7.56
Firearms Classroom Building 3 30 120 427 12 134056.45 1.56 1.30
 50-M Indoor Firing Ranges (2 of 4) 36 328 1312 4656 131 1462434 17.05 14.17
75 PN Dormitory 18 164 656 2330 66 731886 8.53 7.09
75 PN Dormitory 18 164 656 2330 66 731886 8.53 7.09
75 PN Dormitory 18 164 656 2330 66 731886 8.53 7.09
75 PN Dormitory 18 164 656 2330 66 731886 8.53 7.09
Technical Security Training Center 36 328 1312 4656 131 1462434 17.05 14.17
Jericho Facility 11 98 393 1397 39 438730.2 5.12 4.25
Explosive Breaching Range Classroom 3 25 98 349 10 109682.55 1.28 1.06
Data Center 1 11 44 155 4 48747.8 0.57 0.47
Live Fire Shoot House Classroom 2 14 55 194 5 60934.75 0.71 0.59
Simulation Building 11 98 393 1397 39 438730.2 5.12 4.25
Armory 11 98 393 1397 39 438730.2 5.12 4.25
Visitor Control Center 2 19 77 272 8 85308.65 0.99 0.83

Total in Tons/yr 0.14 1.27 5.07 18.01 0.51 5657.20 0.07 0.05
CO2e = 5151.72 metric tons/yr

Table 5. Total Annual Emissions for All Equipment

VOC t/yr CO t/yr NOx t/yr SO2 t/yr PM10 t/yr PM2.5 t/yr CO2e MT/yr
Generator 0.07 0.30 0.99 0.01 0.06 < 0.04 54.67
Boiler 0.14 1.27 5.07 18.01 0.51 < 0.04 5151.72

Total 0.21 1.57 6.06 18.03 0.57 <0.08 5206.39



TAB F.  ORDNANCE EMISSIONS

Table 1.  1Firing Range Ordnance Emission Factors

12 Gauge #00 Shot 
Cartridges  5.56 mm Ball Cartridge  9-mm Ball Cartridge

.45 Caliber Ball 
Cartridge .40 Caliber .357 Caliber 

Pollutant lb/item lb/item lb/item lb/item lb/item2 lb/item2

CO2 0.0013 0.00087 0.00020 0.00022 0.00021 0.00021
CO 0.0015 0.0016 0.00031 0.00026 0.00019 0.00019
Pb 0.00005 0.0000051 0.0000068 0.000012 0.000018 0.000018
CH4 0.000013 0.0000097 0.0000014 0.00000078 0.0000007 0.00000070
NOx 0.000042 0.000085 0.000015 0.0000081 0.0000037 0.0000037
PM2.5 0.000067 0.000028 0.00002 0.000031 0.000038 0.000038
PM10 0.000074 0.000039 0.000024 0.000037 0.000042 0.000042
SO2

3ND 3ND 0.000021 0.000032 3ND 3ND
1from Compilation of Air Pollutant Emission Factors - Volume I, Section 15.1 , Tables 15.1.2-1, 15.1.6-1,  15.1.21-1, 15.1.23-1 and 15.1.25-1 .  5th Edition, USEPA.
2 .38 caliber special ball cartridge emission factors
3No data

Table 2.  Emissions from Firing Range Ordnance Detonation
Ordinance Emissions Emissions in pounds/year

Range Weapon Type Caliber Rounds/yr CO2 CO Pb CH4 NOx PM2.5 PM10 SO2

R02 - Indoor Firing Ranges Handgun 0.375 mag 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Handgun 9 mm 190,000                      38.00 58.90 0.97 0.27 2.85 3.80 4.56 3.99
Handgun .40 cal 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Rifle 5.56 mm 190,000                      165.30 304.00 0.97 1.84 16.15 5.32 7.41 N.D.
Sub-machine gun 9 mm 190,000                      38.00 58.90 0.97 0.27 2.85 3.80 4.56 3.99
Sub-machine gun .40 cal 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Sub-machine gun .45 cal 190,000                      41.80 49.40 2.28 0.15 1.54 5.89 7.03 6.08
Shotgun 12 gauge 190,000                      247.00 285.00 9.50 2.47 7.98 12.73 14.06 N.D.

R03a - Live Fire Shoot House (1 story) Handgun 0.375 mag 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Handgun 9 mm 190,000                      38.00 58.90 0.97 0.27 2.85 3.80 4.56 3.99
Handgun .40 cal 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Rifle 5.56 mm 190,000                      165.30 304.00 0.97 1.84 16.15 5.32 7.41 N.D.

R03b - Live Fire Shoot House (2 story) Handgun 0.375 mag 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Handgun 9 mm 190,000                      38.00 58.90 0.97 0.27 2.85 3.80 4.56 3.99
Handgun .40 cal 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Rifle 5.56 mm 190,000                      165.30 304.00 0.97 1.84 16.15 5.32 7.41 N.D.

R04 - Baffled Indoor Tactical Combat Range Handgun 0.375 mag 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Handgun 9 mm 190,000                      38.00 58.90 0.97 0.27 2.85 3.80 4.56 3.99
Handgun .40 cal 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Rifle 5.56 mm 190,000                      165.30 304.00 0.97 1.84 16.15 5.32 7.41 N.D.
Sub-machine gun 9 mm 190,000                      38.00 58.90 0.97 0.27 2.85 3.80 4.56 3.99
Sub-machine gun .40 cal 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Sub-machine gun .45 cal 190,000                      41.80 49.40 2.28 0.15 1.54 5.89 7.03 6.08
Shotgun 12 gauge 190,000                      247.00 285.00 9.50 2.47 7.98 12.73 14.06 N.D.

R05 - Existing Outdoor Rifle Range Handgun 0.375 mag 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Handgun 9 mm 190,000                      38.00 58.90 0.97 0.27 2.85 3.80 4.56 3.99
Handgun .40 cal 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Rifle 5.56 mm 190,000                      165.30 304.00 0.97 1.84 16.15 5.32 7.41 N.D.
Sub-machine gun 9 mm 190,000                      38.00 58.90 0.97 0.27 2.85 3.80 4.56 3.99
Sub-machine gun .40 cal 190,000                      39.90 36.10 3.42 0.13 0.70 7.22 7.98 N.D.
Sub-machine gun .45 cal 190,000                      41.80 49.40 2.28 0.15 1.54 5.89 7.03 6.08
Shotgun 12 gauge 190,000                      247.00 285.00 9.50 2.47 7.98 12.73 14.06 N.D.

 Emissions in Tons/year 1.26 1.73 0.05 0.01 0.07 0.10 0.12 0.03
CO2e in metric tons 1.14



TAB G.  FASTC CONSTRUCTION DATA

Project Name Building Number Phase FootPrint (AC) Clearing (AC) Grading (sf) Demo Bldgs (SF)
Demo asphalt/ 
concrete (SF)

Site Prep - Excavate/Fill 
(CY)

Trenching (LF)
Building Construction 

- Total Size (sf)
Building Construction- 

foundation footprint (sf) 
# Stories Paving - Surface area (SF)

Pavement type, vehicle 
or aircraft

Paving - HMA (CF) Sidewalks (sf)
Gravel Work 

(CY) Concrete Work  -
sidewalks, etc 

(CY)
Concrete Work  -
foundation (CY)

Additional 
excavation, 

please specify 
type (washrack, 
sw pond, etc.)

CONSTRUCTION PROJECTS
Admin and Classroom Building 
(portion of 145,000 sf facility) A01 1 5 2.54 1,680 N/A N/A 187 75 5,040 1,680 3 N/A N/A 168 31 2 31 N/A
75 PN Dormitory A06a 1 2.7 1.25 16,285 N/A N/A 1,809 100 48,855 16,285 3 N/A N/A 1,629 302 20 302 N/A
75 PN Dormitory A06b 1 2.7 1.25 16,285 N/A N/A 1,809 100 48,855 16,285 3 N/A N/A 1,629 302 20 302 N/A
Dining Facility A07 1 5 2.13 38,542 N/A N/A 4,282 50 38,542 38,542 1 N/A N/A 3,854 714 48 714 N/A
Parking for Main Campus Area 
(Buildings A01, A07, A02, A03, A04, 
I07, and R06)

1
10 8.41 301,920 N/A N/A 3,727 0 N/A N/A N/A 301,920 Vehicle 100,638.99 30,192 3,727 373 N/A

Fitness Center A08 1 5 1.39 18,703 N/A N/A 2,078 25 37,406 18,703 2 N/A N/A 1,870 346 23 346 N/A
Parking for dormitories and Fitness 
Center (A06a - f, A08) 1 3 2.36 55,708 N/A N/A 688 0 N/A N/A N/A 55,708 Vehicle 18,569.15 5,571 688 69 N/A
Warehouse A09 1 8 3.94 98,552 9,300 17,951 10,950 25 98,552 98,552 1 N/A N/A 9,855 1,825 122 1,825 N/A
Driver Training Building D01 1 5 N/A 6,414 8,436 1,410 713 75 12,828 6,414 2 N/A N/A 641 119 8 119 N/A

Parking area for A09, D01, and D06 1 2 N/A 56,000 N/A N/A 691 0 N/A N/A N/A 56,000 Vehicle 18,666.48 5,600 691 69

High-Speed Anti-Terrorism Driving 
Tracks D02 1 550 119.93 3,068,386 37158 391859 505,860 0 N/A N/A N/A 2,079,860 Vehicle 693,279.73 N/A 37,881 N/A
Classroom Building (track 1) D02a 1 N/A 0.85 8,318 N/A N/A 581 100 4,846 4,846 1 3,472 Vehicle 1,157.32 485 133 6 90 N/A
Classroom Building (track 2) D02b 1 N/A 0.85 8,318 N/A N/A 581 100 4,846 4,846 1 3,472 Vehicle 1,157.32 485 133 6 90 N/A
Classroom Building (track 3) D02c 1 N/A 0.85 8,318 N/A N/A 581 100 4,846 4,846 1 3,472 Vehicle 1,157.32 485 133 6 90 N/A
Mock-Urban Driving Track D03 1 80 22.96 1,000,120 N/A N/A 111,124 0 N/A N/A N/A 1,000,120 Vehicle 333,370.00 N/A 12,347 N/A
Unimproved Road Driving Course D04 1 100 20.80 494,208 17664 64576 85,419 0 N/A N/A N/A N/A N/A N/A 6,101 N/A
Off-Road Driving Course D05 1 100 19.20 456,192 9,344 59,481 78,848 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Vehicle Maintenance Shop D06 1 5 1.41 18,223 N/A N/A 2,025 25 18,223 18,223 1 N/A N/A 1,822 337 22 337 2 washracks
Garage- 80 Armored Vehicles D06a 1 2 1.80 31,973 N/A N/A 3,553 25 31,973 31,973 1 N/A N/A 3,197 592 39 592 N/A
Covered Parking - 130 Training 
Vehicles D06b 1 N/A 1.45 63,360 N/A N/A 782 0 N/A N/A N/A 63,360 Vehicle 21,119.79 N/A 782 N/A
Explosives Classroom Bldg E01 1 5 1.13 14,430 N/A N/A 878 75 7,086 7,086 1 7,344 Vehicle 2,447.98 709 222 9 131 N/A
Explosives Demonstration Range E02 1 100 69.87 785,398 N/A N/A 145 0 ? ? ? 7,854 Explosive (6 in) 3,926.99 N/A 97
Post Blast Training Range E03 1 200 69.87 785,398 N/A N/A 2,963 0 ? ? ? 160,000 Explosive (6 in) 80,000 N/A 1,975 N/A
Explosives Simulation Alley for IED 
Recognition E04 1 60 14.55 345,600 2130 16148 59,733 0 N/A N/A N/A 230,400 Vehicle 76,799 N/A 4,267 N/A
Explosives Simulation Alley for IED 
Recognition -  Classroom Bldg E04a 1 N/A 0.88 9,026 N/A N/A 627 50 5,218 5,218 1 3,808 Vehicle 1,269 522 144 6 97 N/A
Explosives Simulation Alley for IED 
Recognition - Structures E04b 1 N/A 330.56 130,903 N/A N/A 14,545 0 130,903 130,903 1 N/A N/A 13,090 2,424 162 2,424 N/A
Emergency Services Building I03 1 5 N/A 14,739 N/A N/A 509 50 6,629 3,315 2 11,424 Vehicle 3,808 331 202 4 61 N/A
Firearms Classroom Building R01 1 3 1.32 27,556 N/A N/A 1,165 100 16,712 8,356 2 19,200 Vehicle 6,400 836 392 10 155 N/A

 50-M Indoor Firing Ranges (2 of 4) R02 1 6 5.92 163,880 N/A N/A 18,209 100 163,880 163,880 1 N/A N/A 16,388 3,035 202 3,035 N/A
Parking lot for R02 and R07 (136 
spaces) 1 N/A 2.11 48,688 N/A N/A 5,410 0 N/A N/A N/A 48,688 Vehicle 16,229 4,869 601 60
Live-Fire Shooting Houses - 1 Story R03a 1 3 0.85 17,812 N/A N/A 1,536 150 13,324 13,324 1 4,488 Vehicle 1,496 1,332 302 16 247 N/A
Live-Fire Shooting Houses-2 Story R03b 1 3 0.76 6,662 N/A N/A 740 150 13,324 6,662 2 N/A N/A 666 123 8 123 N/A
150 M Baffled Outdoor Tactical 
Combat Range (2 of 3) R04 1 25 5.85 215,000 N/A N/A 23,889 0 215,000 215,000 1 N/A N/A 21,500 3,981 265 3,981 N/A

300-M Baffled Outdoor Rifle Range / 
Drive and Shoot - Class room only R05

1 1
0.85 8,318 N/A N/A 581 75 4,846 4,846 1 3,472 Vehicle 1,157 485 133 6 90 N/A

Central Ammo & Explosives Storage R08 1 15 N/A 3,808 N/A N/A 47 500 N/A N/A N/A 3,808 Vehicle 1,269 N/A 47 N/A
Supply CAC S02 1 1 0.89 10,494 N/A N/A 790 25 6,686 6,686 1 3,808 Vehicle 1,269 669 171 8 124 N/A
Tactical Training Building T01 1 3 N/A 34,681 N/A N/A 2,238 25 36,657 18,329 2 16,352 Vehicle 5,451 1,833 541 23 339 N/A
Mock Urban Tactical Training Area and 
Rappel Tower (20 of 45) T02/T03 1 15 0.59 23,256 8730 28776 2,584 0 23,256 23,256 1 N/A N/A 4,651 431 57 431 N/A
Tactical Maze T04 1 5 N/A 13,254 6065 102 1,473 0 39,763 13,254 3 N/A N/A 1,325 245 16 245 N/A
Roads in Admin and Explosives Range 
Areas 1 17.27 410,400 N/A N/A 70,933 0 N/A N/A N/A 273,600 Vehicle 91,199 27,360 5,067 338
Quick Range (Relocated from ITF) N/A 1 ? ? ? N/A N/A ? 0 3,990 ? ? ? ? ? ? N/A

Phase 1 Totals 1,335 737 8,836,808 98,827 580,303 1,025,286 1300 1,042,086 881,309 4,361,630 1,481,838 164,048 91,584 2,025 16,321
2014 Totals 334 184 2,209,202 24,707 145,076 256,322 325 260,522 220,327 0 1,090,407 0 370,460 41,012 22,896 506 4,080 0
2015 Totals 334 184 2,209,202 24,707 145,076 256,322 325 260,522 220,327 0 1,090,407 0 370,460 41,012 22,896 506 4,080 0
2016 Totals 334 184 2,209,202 24,707 145,076 256,322 325 260,522 220,327 0 1,090,407 0 370,460 41,012 22,896 506 4,080 0
2017 Totals 334 184 2,209,202 24,707 145,076 256,322 325 260,522 220,327 0 1,090,407 0 370,460 41,012 22,896 506 4,080 0

Phase 1 by Year 333.85 184.1578781

Admin and Classroom Building 
(completion of 145,000 sf facility) A01 2 5 0.00 46,667 N/A N/A 5,185 75 140,000 46,667 3 N/A N/A 4,667 864 58 864 N/A
Technical Security Training Center A02 2 5 2.31 47,309 N/A N/A 5,257 50 141,928 47,309 3 N/A N/A 4,731 876 58 876 N/A
Jericho Facility A03 2 3 0.76 11,913 N/A N/A 1,324 50 35,738 11,913 3 N/A N/A 1,191 221 15 221 N/A
Training CAC A04 2 3 0.56 2,934 N/A N/A 326 25 2,934 2,934 1 N/A N/A 293 54 4 54 N/A
75 PN Dormitory A06c 2 2.7 1.25 16,285 N/A N/A 1,809 100 48,855 16,285 3 N/A N/A 1,629 302 20 302 N/A
75 PN Dormitory A06d 2 2.7 1.25 16,285 N/A N/A 1,809 100 48,855 16,285 3 N/A N/A 1,629 302 20 302 N/A
75 PN Dormitory A06e 2 2.7 1.25 16,285 N/A N/A 1,809 100 48,855 16,285 3 N/A N/A 1,629 302 20 302 N/A
75 PN Dormitory A06f 2 2.7 1.25 16,285 N/A N/A 1,809 100 48,855 16,285 3 N/A N/A 1,629 302 20 302 N/A

 Main CAC  (2 shacks, 1 story each) S01 2 N/A 0.37 724 N/A N/A 80 10 724 724 1 N/A N/A 72 13 1 13 N/A
Visitor Control Center S04 2 10 2.79 59,391 N/A N/A 1,787 25 10,671 10,671 1 48,720 Vehicle 16,240 1,067 799 13 198 N/A

Phase 2 Totals 37 12 234078 0 0 21197 635 527415 185,358 24 48720 0 16240 18536 4034 229 3433 0
2016 Totals 12 4 78026 0 0 7066 212 175805 61786 8 16240 0 5413 6179 1345 76 1144 0
2017 Totals 12 4 78026 0 0 7066 212 175805 61786 8 16240 0 5413 6179 1345 76 1144 0
2018 Totals 12 4 78026 0 0 7066 212 175805 61786 8 16240 0 5413 6179 1345 76 1144 0

Covered Parking - 100 Motorpool A10 3 N/A 1.12 48,738 N/A N/A 602 0 N/A N/A N/A 48,738 Vehicle 16,245.84 N/A 602 N/A
Mock-Urban Driving Classroom D03a 3 N/A 0.85 8,318 N/A N/A 581 25 4,846 4,846 1 3,472 Vehicle 1,157 485 133 6 90 N/A
Unimproved Road Driving Course 
Classroom Building D04a 3 N/A 0.85 8,318 N/A N/A 581 25 4,846 4,846 1 3,472 Vehicle 1,157.32 485 133 6 90 N/A

Off-Road Driving Course Classroom D05a 3 N/A 0.85 8,318 N/A N/A 581 25 4,846 4,846 1 3,472 Vehicle 1,157 485 133 6 90 N/A



Surface Parking - 100 Junk Vehicles D06c 3 N/A 0.87 38,016 N/A N/A 469 0 N/A N/A N/A 38,016 Vehicle 12,671.87 N/A 469 N/A

Surface Parking - 200 Training Vehicles D06d 3 N/A 1.75 76,032 N/A N/A 939 0 N/A N/A N/A 76,032 Vehicle 25,343.75 N/A 939 N/A
Explosives Demonstration Range 
Classroom Building E02a 3 N/A 0.86 8,470 N/A N/A 565 400 4,662 4,662 1 3,808 Vehicle 1,269.32 466 133 6 86 N/A

Post Blast Training Range Classroom E03a 3 N/A 0.85 8,470 N/A N/A 565 0 4,662 4,662 1 3,808 Vehicle 1,269 466 133 6 86 N/A
E03a Viewing Area 3 N/A N/A 500 N/A N/A 56 0 500 500 1 N/A N/A N/A 9 9
Explosive Breaching Range E05 3 200 200 ? N/A N/A ? 0 N/A N/A N/A N/A N/A N/A N/A

Explosive Breaching Range Classroom E05a 3 N/A N/A 18,752 N/A N/A 1,707 25 14,944 14,944 1 3,808 Vehicle 1,269 1,494 324 18 277 N/A
Explosive Breaching House E05b 3 N/A N/A 1,778 N/A N/A 198 50 3,556 1,778 2 N/A N/A N/A 33 33 N/A
Explosive Breaching Wall 1 E05c 3 N/A N/A 300 N/A N/A 33 0 300 300 1 N/A N/A N/A 6 6 N/A
Explosive Breaching Wall 2 E05d 3 N/A N/A 600 N/A N/A 67 0 600 600 1 N/A N/A N/A 11 11 N/A
Post Blast Training Range Storage E05e 3 N/A N/A 2,000 N/A N/A 222 25 2,000 2,000 1 N/A N/A N/A 37 37 N/A
Data Center I07 3 3 0.55 6,912 N/A N/A 768 0 13,824 6,912 2 N/A N/A 691 128 9 128 N/A
Live Fire Shoot House Classroom R03c 3 N/A 0.96 10,949 N/A N/A 1,217 50 10,949 10,949 1 N/A N/A 1,095 203 14 203 N/A
150 M Baffled Outdoor Tactical 
Combat Range (1 of 3) R04 3 25 0.00 156,880 N/A N/A 17,431 0 156,880 156,880 1 N/A N/A 15,688 2,905 194 2,905 N/A
Simulation Building R06 3 3 1.36 24,555 N/A N/A 2,728 25 49,110 24,555 2 N/A N/A 2,456 455 30 455 N/A
Armory R07 3 10 3.72 91,445 N/A N/A 9,012 10 159,634 79,817 2 11,628 Vehicle 3,876 7,982 1,622 99 1,478 N/A
Mock Urban Tactical Training Area (25 
of 45) T02 3 15 6.84 271,030 8730 28776 30,114 0 271,030 271,030 1 N/A N/A 54,206 5,019 669 5,019 N/A
Tank Trail 3 10.91 259,200 N/A N/A 44,800 0 N/A N/A N/A N/A N/A N/A N/A 3,200 N/A

Phase 3 Totals 256 232 1,049,581 8,730 28,776 113,237 660 707,189 594,127 21 196,254 0 65,417 85,998 16,625 1,062 11,002 0
2017 Totals 64 58 262,395 2,183 7,194 28,309 165 176,797 148,532 5 49,064 0 16,354 21,499 4,156 265 2,751 0
2018 Totals 64 58 262,395 2,183 7,194 28,309 165 176,797 148,532 5 49,064 0 16,354 21,499 4,156 265 2,751 0
2019 Totals 64 58 262,395 2,183 7,194 28,309 165 176,797 148,532 5 49,064 0 16,354 21,499 4,156 265 2,751 0
2020 Totals 64 58 262,395 2,183 7,194 28,309 165 176,797 148,532 5 49,064 0 16,354 21,499 4,156 265 2,751 0

Project Totals

SF Buildings SF Pavement SF Sidewalks AC clearing SF Buildings SF Pavement SF Sidewalks AC clearing SF Buildings SF Pavement SF Sidewalks AC clearing SF buildings SF Sidewalks SF Pavement SF Sidewalks AC clearing
Main Campus Area 91,495 357,628 44,912 16.78 138,691 48,720 13,869 11.80 6,912 0 691 0.55 237,098 59,473 406,348 59,473 29
High Speed Driving Track Area 173,015 2,146,276 22,901 134.82 0 0 0 0.00 173,015 22,901 2,146,276 22,901 135
Off Road & Unimproved Driving Track 
Area 40.00 9,692 6,944 969 1.69 9,692 4,846 6,944 969 1
Mock Urban Tactical Area 190,960 1,000,120 19,589 22.96 4,846 3,472 485 0.85 195,806 20,073 1,003,592 20,073 24
Explosives Range Area 7,086 175,198 709 140.86 29,446 11,424 2,427 201.71 36,532 3,135 186,622 3,135 343
Firing Range Area 412,068 79,656 46,076 17.67 115,321 11,628 11,532 6.05 527,389 527,389 91,284 57,608 24

PROJECT GRAND TOTALS

Phase 3 PROJECT TOTALS PER AREAPHASE 1 Phase 2



TAB H.  CONSTRUCTION ASSUMPTIONS

Parking Lot and Space Information
1) Manual on uniform traffic control devices (MUTCD) states that standard parking spaces are a minimum of 8 feet by 22 feet.
To allow for some variation in the number of parking spaces,  parking space size has been rounded up to 10 feet by 22 feet.
The area for each parking space used in the calculations is therefore 220 square feet.
2) Lanes between rows of parking spaces are assumed to be 12 feet wide, the same as driving lanes.
3) Note that for all driving and explosives ranges, the parking areas have been assigned to and included in the calculations
for the associated buildings, not for the ranges themselves 
4) The file IllustrativePlan_January_2012 shows only two parking lots for the Main Campus Area, one for the main admin
buildings and the other for the dorms plus Fitness Center.  These two parking lots have therefore been included separately
in the construction calculations, using the number of parking spaces allotted for each building as provided in the 
FASTC_Building_List_by_Phase_12_20_11_w_pkg_2-9-2012 file, which total 840 spaces for the Main Admin area and
145 spaces for the dorms/Fitness Center parking lot.
5) Based on the site map (IllustrativePlan_January_2012), specifically the area marked for the Main Admin area parking lot,
the 840 required spaces can be accomodated in a parking lot with 10 rows of 84 spaces, which would cover an area of
840 spaces * 220 SF per space = 184,800 SF.  For the ten rows, the lot will need 5 24-foot wide double lanes plus a 24-foot wide double lane
on either side, which will add (840 feet for length of lot x 24 feet wide x 5 lanes) = 100,800 feet for the interior lanes plus
((24 feet * 5 lanes) + (10 parking rows * 22 feet per row)) * 24 feet width * 2 exterior lanes = 16,320 SF.  This brings the total
area for the parking lot to 301920 SF
5) Based on the site map (IllustrativePlan_January_2012), specifically the area marked for the Dorm/FC area parking lot,
the 145 required spaces can be accomodated in a parking lot with 4 rows of 36 spaces, which would cover an area of
145 spaces * 220 SF per space = 31,900 SF.  For the 4 rows, the lot will need 2 24-foot wide double lanes plus a 24-foot wide double lane
on either side, which will add (360 feet for length of lot x 24 feet wide x 2 lanes) = 17,280 feet for the interior lanes plus
((24 feet * 2 lanes) + (4 parking rows * 22 feet per row)) * 24 feet width * 2 exterior lanes = 6,528 SF.  This brings the total
area for the parking lot to 55708 SF

Sidewalks
A general assumption was made that the sidewalk area would be approximately 10% of the building footprint area.

Roads
New roads, as depicted in Illustrative plan are assumed to be
approximately 11,400 linear feet.  With a standard 24-foot wide 2-lane road, the square footage of pavement is

273600 SF also assume that shoulders will not be paved (gravel only)
The road will have 6-foot wide shoulders on each side, which will also need to be cleared, plus an additional 12-foot
wide band on each side to adjust the slopes away from the road.  In addition, have assumed that drainage ditches will
be required for 50% of the roadway, which would be the equivalent of one 6-foot wide ditch running the length of the road.
All of this area will need to be cleared.  This means the following area will need to be cleared:
(24 ft road +12 ft shoulders + 24 ft slopes + 6 ft ditch) * road length = 752400 SF
In acres, the amount to be cleared would be 17.272727
For grading, it is assumed that only the road and shoulder would be graded (the remaining areas would be excavated, and grading would be included in the excavating).
(24 ft road +12 ft shoulders) * road length = 410400 SF to be graded
The road and shoulder will also have to be excavated to a depth of 3 feet 1231200 cubic feet of excavation
For gravel work, assume that only the road and shoulders would be covered with gravel.  The same SF area to be graded will also be covered with gravel.
For cut and fill to adjust slopes along both sides of the road, assume that land surface will have to be excavated to a depth of 3 feet for the entire length of the road.
Also assume that the 6-foot wide ditch along one side of the road will have to be excavated to a depth of 3 feet for the entire length of the road.
((12 ft slopes *2) * 3 ft excavation depth + 6 ft ditch * 3 ft excavation depth) * road length = 684000 cubic feet to be excavated
Total excavation for road and slopes and ditches would be 1915200 cubic feet to be excavated

Tank Trail
Based on the IllustrativePlan_January_2012, approximately 7,200 linear feet of tank trail will need to be 
relocated to the northern portion of the Explosives Ranges, in area that is not yet cleared.  Assuming a standard
2-lane road width of 24 feet, the area to be cleared for the trail would be 172,000 SF.  As with the roads, the trail will have 6-foot-wide shoulders
and 12-foot wide slopes on either side.  It has also been assumed that drainage ditches will be required for 50% of the tank trail. The trail
will not be paved, but it has been assumed that the trail and shoulders will be gravel.  The trail, shoulders, slopes, and ditches will need to be cleared.
(24 ft trail +12 ft shoulders + 24 ft slopes + 6 ft ditch) * trail length = 475200 SF
In acres, the amount to be cleared would be 10.909091
For grading, it is assumed that only the trail and shoulder would be graded (the remaining areas would be excavated, and grading would be included in the excavating).
(24 ft road +12 ft shoulders) * trail length = 259200 SF to be graded
The road and shoulder will also have to be excavated to a depth of 3 feet 777600 cubic feet of excavation
For gravel work, assume that only the trail and shoulders would be covered with gravel.  The same SF area to be graded will also be covered with gravel.
For cut and fill to adjust slopes along both sides of the trail, assume that land surface will have to be excavated to a depth of 3 feet for the entire length of the trail.
Also assume that the 6-foot wide ditch along one side of the trail will have to be excavated to a depth of 3 feet for the entire length of the trail.
((12 ft slopes *2) * 3 ft excavation depth + 6 ft ditch * 3 ft excavation depth) * trail length = 432000 cubic feet to be excavated
Total excavation for road and slopes and ditches would be 1209600 cubic feet to be excavated

D02 High Speed Antiterrorism Driving Course
Measured distances along the three separate tracks included in D02 from the 
IllustrativePlan_January_2012.  Each track distance also includes 
some distance on roads driving to the track (Track 1 numbers include distance on paved road past D04 and D05 to E04). 
Track 1 21400 feet
Track 2 27520 feet
Track 3 18240 feet
Total track length 67160 feet
Each track will have two lanes.  According to the National Manual on Geometric Standards (Green book),
each highway lane is 12 feet wide.  The square footage area of paving is therefore
Track 1 513600 SF
Track 2 660480 SF
Track 3 437760 SF

1611840 square footage of paved track for D02 track also assume that shoulders will not be paved (gravel only)



The track will have 6-foot wide shoulders on each side, which will also need to be cleared, plus an additional 12-foot
wide band on each side to adjust the slopes away from the track.  In addition, have assumed that drainage ditches will
be required for 50% of the track, which would be the equivalent of one 6-foot wide ditch running the length of the track.
All of this area will need to be cleared.  This means the following area will need to be cleared:
(24 ft road +12 ft shoulders + 24 ft slopes + 6 ft ditch) * track length = 4432560 SF
In acres, the amount to be cleared would be 101.75758
For grading, it is assumed that only the track and shoulder would be graded (the remaining areas would be excavated, and grading would be included in the excavating).
(24 ft road +12 ft shoulders) * track length = 2417760 SF to be graded
The road and shoulder will also have to be excavated to a depth of 3 feet 7253280 cubic feet of excavation
For gravel work, assume that only the track and shoulders would be covered with gravel.  The same SF area to be graded will also be covered with gravel.
For cut and fill to adjust slopes along both sides of the track, assume that land surface will have to be excavated to a depth of 3 feet for the entire length of the track.
Also assume that the 6-foot wide ditch along one side of the road will have to be excavated to a depth of 3 feet for the entire length of the road.
((12 ft slopes *2) * 3 ft excavation depth + 6 ft ditch * 3 ft excavation depth) * track length = 4029600 cubic feet to be excavated
Total excavation for road and slopes and ditches would be 11282880 cubic feet to be excavated

The information provided states that there will be 3 circular skidpads, approximately 75 meters in diameter each,
for a total of approximately 4.5 acres.  Each of these skid pads will also need to be paved.

4.5 acres total for all 3 skid pads
43560 SF per acre

196020 SF for the three skid pads
75 meters = 246.063 feet diameter of each skid pad
When adding 6 -foot shoulders to the skidpads, plus a 12-foot-wide band to allow slope adjustments, and a 6-foot wide ditch around the pad, the diameter of the  
area to be cleared would be 246.063 + 12 + 24 + 12 = 294.063 feet for a radius of 147.0315 feet
The area to be cleared would then be Pi*r-squared * 3 = 203747.15 SF
In acres, the amount to be cleared would be 4.6773909
For grading, it is assumed that only the skidpads and shoulders would be graded (the remaining areas would be excavated, and grading would be included in the excavating).
Diameter of graded area would be 246.063 + 12 = 258.063 feet for a radius of 129.0315 feet
The area to be graded would then be Pi * r-squared * 3 = 156914.2 SF
For gravel work, assume that only the skidpad and shoulders would be covered with gravel.  The same SF area to be graded will also be covered with gravel.
For excavation, assume that the skidpads, shoulders, slope adjustment areas, and drainage ditches will all be excavated to a depth of 3 feet.  The excavation volume
would then be the SF area to be cleared * depth of excavation = 611241.44 cubic feet

IllustrativePlan_January_2012 shows three ram pads, 2 at approx. 320 x 600 (192,000 SF) , and one at 
200 x 400 ft (80,0000 SF).

272000 SF paved area for the 3 ram pads
As with the D02 track itself, the ram pads will have 6-foot wide shoulders, 12-foot wide areas to adjust slopes, and a 6-foot wide drainage ditch.  For the two larger pads,
that translates to an area of (320 ft pad + 12 ft shoulders + 24 ft slopes + 12 ft ditches) * (600 ft pad + 12 ft shoulders + 24 ft slopes + 12 ft ditches) = 238464 SF
For the smaller pad, that translates to an area of (200 ft pad + 12  + 24  + 12 ) * (400 ft pad + 12  + 24 + 12) = 111104 SF
Total area to be cleared = 2 * larger pad + 1 * smaller pad = 588032 SF
In acres, the amount to be cleared would be 13.499357
For grading, it is assumed that only the ram pads and shoulders would be graded (the remaining areas would be excavated, and grading would be included in the excavating).
The area to be graded for the larger pads would be 332 ft * 612 ft = 203184
The area to be graded for the smaller pad would be 212 ft * 412 ft = 87344
Total area to be graded = 2 * larger pad + 1 * smaller pad = 493712 SF
For gravel work, assume that only the ram pads and shoulders would be covered with gravel.  The same SF area to be graded will also be covered with gravel.
For excavation, assume that the ram pads, shoulders, slope adjustment areas, and drainage ditches will all be excavated to a depth of 3 feet.  The excavation volume
would then be the SF area to be cleared * depth of excavation = 1764096 cubic feet

D03 Mock Urban Driving Track
The proposed street grid in the D03 Mock Urban training track is assumed to be approximately 6.3 miles.  Assuming two lane roads throughout this grid,
with an additional lane for approximately half that length, to imitate wider city streets, the width of the road would be 36 feet for 3.15 miles
and 24 feet for 3.15 miles.

997920 SF of road area that would need to be paved
2200 SF of paved area for 10 proposed parking spaces

Total 1000120 SF of pavement for D03 Driving Track

D04 Unimproved Road Driving Course
Measured distances from IllustrativePlan_January_2012 give approximately 2.6 miles for this unpaved driving course. 
The road will have 6-foot wide shoulders on each side, which will also need to be cleared, plus an additional 12-foot
wide band on each side to adjust the slopes away from the road.  In addition, have assumed that drainage ditches will
be required for 50% of the roadway, which would be the equivalent of one 6-foot wide ditch running the length of the road.
All of this area will need to be cleared.  This means the following area will need to be cleared:
(24 ft road +12 ft shoulders + 24 ft slopes + 6 ft ditch) * road length = 906048 SF
In acres, the amount to be cleared would be 20.8
For grading, it is assumed that only the road and shoulder would be graded (the remaining areas would be excavated, and grading would be included in the excavating).
(24 ft road +12 ft shoulders) * road length = 494208 SF to be graded
The road and shoulder will also have to be excavated to a depth of 3 feet 1482624 cubic feet of excavation
For gravel work, assume that only the road and shoulders would be covered with gravel.  The same SF area to be graded will also be covered with gravel.
For cut and fill to adjust slopes along both sides of the road, assume that land surface will have to be excavated to a depth of 3 feet for the entire length of the road.
Also assume that the 6-foot wide ditch along one side of the road will have to be excavated to a depth of 3 feet for the entire length of the road.
((12 ft slopes *2) * 3 ft excavation depth + 6 ft ditch * 3 ft excavation depth) * road length = 823680 cubic feet to be excavated
Total excavation for road and slopes and ditches would be 2306304 cubic feet to be excavated

D05 Off-Road Driving Course
Measured distances from map give approximately 2.4 miles for this driving course.
The road will have 6-foot wide shoulders on each side, which will also need to be cleared, plus an additional 12-foot



wide band on each side to adjust the slopes away from the road.  In addition, have assumed that drainage ditches will
be required for 50% of the roadway, which would be the equivalent of one 6-foot wide ditch running the length of the road.
All of this area will need to be cleared.  This means the following area will need to be cleared:
(24 ft road +12 ft shoulders + 24 ft slopes + 6 ft ditch) * road length = 836352 SF
In acres, the amount to be cleared would be 19.2
For grading, it is assumed that only the road and shoulder would be graded (the remaining areas would be excavated, and grading would be included in the excavating).
(24 ft road +12 ft shoulders) * road length = 456192 SF to be graded
The road and shoulder will also have to be excavated to a depth of 3 feet 1368576 cubic feet of excavation
Assume that this off-road driving course will have no gravel.
For cut and fill to adjust slopes along both sides of the road, assume that land surface will have to be excavated to a depth of 3 feet for the entire length of the road.
Also assume that the 6-foot wide ditch along one side of the road will have to be excavated to a depth of 3 feet for the entire length of the road.
((12 ft slopes *2) * 3 ft excavation depth + 6 ft ditch * 3 ft excavation depth) * road length = 760320 cubic feet to be excavated
Total excavation for road and slopes and ditches would be 2128896 cubic feet to be excavated

D06a, Armored Vehicle Garage
Have assumed that all parking for the 80 vehicles will be inside the building, and that parking for 
employees, visitors, etc. have been accounted for in the 36 parking spaces at D06, the Vehicle Maintenance
Shop.
D06b-d, A10 Surface and Covered Parking
Have assumed no building construction, and that the entire SF area will be paved for vehicle parking.

E02 Explosives Demonstration Range & E03 Post Blast Training Range
An area with a 500 foot radius will be completely cleared of vegetation in the center of the range.  In addition,
the range will have a 300 meter exclusion/safety zone ring (a doughnut) around it.  I have assumed that a circular area with a
radius of 300 meters will be cleared, and that the central zone with a 500 foot radius will be graded.

984.25197 radius in feet
3043424 SF area to be cleared

500 radius of central area
785398.16 SF area to be graded

E02 has a post-blast recovery pad. A 6-inch thick asphalt pad is assumed  
The size of the pad is listed as 100 feet in diameter.

50 radius in feet
7853.9816 SF area to be underlain by asphalt

E03 Post Blast Training Range
Preliminary DOPAA says there will be a 400 x 400 ft explosives demonstration pad and a post blast
recovery pad, the first with a sand base and the second underlain by asphalt.  The site drawing 
depicts two 400 x 400 foot pads proposed for this site.  The amount of asphalt needed for the 
range is therefore 160,000 SF.

E04 Explosives Simulation Alley
The IllustrativePlan_January_2012 shows 9,600 linear feet of road.  Assuming the standard 2 lane 
road with lanes 12 feet wide, that translates to

230400 SF of asphalt paved road
The road will have 6-foot wide shoulders on each side, which will also need to be cleared, plus an additional 12-foot
wide band on each side to adjust the slopes away from the road.  In addition, have assumed that drainage ditches will
be required for 50% of the roadway, which would be the equivalent of one 6-foot wide ditch running the length of the road.
All of this area will need to be cleared.  This means the following area will need to be cleared:
(24 ft road +12 ft shoulders + 24 ft slopes + 6 ft ditch) * road length = 633600 SF
In acres, the amount to be cleared would be 14.545455
For grading, it is assumed that only the road and shoulder would be graded (the remaining areas would be excavated, and grading would be included in the excavating).
(24 ft road +12 ft shoulders) * road length = 345600 SF to be graded
The road and shoulder will also have to be excavated to a depth of 3 feet 1036800 cubic feet of excavation
For gravel work, assume that only the road and shoulders would be covered with gravel.  The same SF area to be graded will also be covered with gravel.
For cut and fill to adjust slopes along both sides of the road, assume that land surface will have to be excavated to a depth of 3 feet for the entire length of the road.
Also assume that the 6-foot wide ditch along one side of the road will have to be excavated to a depth of 3 feet for the entire length of the road.
((12 ft slopes *2) * 3 ft excavation depth + 6 ft ditch * 3 ft excavation depth) * road length = 576000 cubic feet to be excavated
Total excavation for road and slopes and ditches would be 1612800 cubic feet to be excavated

All concrete sidewalks have been taken into account under the Explosives Alley - Structures.

R01, Firearms Classroom Building
FASTC_Building_List_by_Phase_12_20_11_w_pkg_2-9-2012 has 62 parking spaces for this building.
IllustrativePlan_January_2012 shows two parking strips along the road near this building, with a 
total area of approximately 19,200 SF, which would account for the 62 spaces + driving lanes.
  All parking for R04 has therefore been assigned to the R01 lot.

R02, 50-M Indoor Firing Ranges
All ranges will be inside one main structure.  Two of the indoor ranges will be completed during Phase I of the
construction.  All of the clearing, grading, construction, pavement, and concrete figures have therefore been 
calculated under Phase I, as the remaining work will all be conducted inside the building.

R02/R07 Parking Areas
  According to the Building List table, a total of 156 parking spaces will be needed for
the two structures.  
  Total dimensions of the lot would be 358 feet long (31 spaces @ 10 feet wide, plus a 24-foot 
driving lane at each end) and 136 feet wide (4 rows of spaces @ 22 feet plus two interior 24-foot driving lanes).
Total area of the lot: 48688 SF



R04, Baffled Outdoor Tactical Combat Range
At present, the amount of construction per phase at this range is unresolved.  All construction activities have
therefore temporarily been assigned to Phase 1.  

R08, Central Ammo & Explosives Storage
This facility is already in use at Ft Pickett.  
The calculations here are simply for the addition of the 10 new spaces with an entry drive
lane and a lane along the length of the spaces, an area of 112 feet x 34 feet.

S02, Supply CAC
Have assumed the parking lot for 10 spaces is directly adjacent to the building.  

Parking at T01 - T04
The parking construction information has therefore been included with the T01 calculations.

T02/T03 Sidewalks
The sidewalks for the D03 Mock Urban driving range have been included with the T02/T03 construction numbers.  Normally, sidewalks have been
estimated at 10% of bulding footprint area.  In this case, to allow for sidewalks along "city streets," the sidewalks have been estimated at 20%
of the building footprint area.

E03 Post Blast Training Area

The second viewing area has been included as a separate line in the calculations
 This viewing area is within the cleared area of the range but will need grading and is assumed
 to need a concrete foundation, just like a building.

E05, Explosive Breaching Range
Assumed entire area will need to be cleared.  All 200 acres are therefore listed for clearing.
It has been assumed that grading is needed only in the areas around the structures (E05a - E05e).
It has also been assumed that the Breaching walls will need concrete foundations to anchor the steel beams
that will hold up concrete panels.  The width of the wall is assumed to be 10 feet, based on the Illustrative Plan map.

Building Clearing & Grading Areas
For all areas that will need to be cleared prior to construction (which will be most of the areas at the FASTC), the
area to be cleared has been determined as follows:  the building foundation footprint plus the area of any associated 
parking lot, with an additional 50 foot buffer around the total area.  Relative building and lot sizes have been
determined from the file IllustrativePlan_January_2012.
The area to be graded is the building footprint plus the parking lot area, not the total cleared area.

Construction Numbers Used in Formulas
Building Excavation Depth = 3 feet 
Parking area excavation = 0.3333333 feet (4 inches gravel)
Parking area gravel = 0.3333333 feet (4 inches gravel)
Asphalt pavement thickness = 0.3333333 feet (4 inches)
Gravel thickness beneath bldgs = 0.5 feet (6 inches)
Concrete slab beneath bldgs = 0.5 feet (6 inches)
Concrete for sidewalks, etc. = 0.3333333 feet (4 inches)
Road excavation depth = 3 feet 
Conversions
1 cubic yard = 27 cubic feet
1 square yard = 9 square feet
1 meter = 3.28084 feet

Building Demolition
All buildings assumed to be single story.  Existing building square footage demolished determined using Constraints Map November 2010 and Google Earth.

Road and Sidewalk Demolition
Existing sidewalk square footage demolished determined using Constraints Map November 2010 and Google Earth.
Road demolition determined using FASTC Traffic Study for EIS, Figures 2 and 3 and Google Earth.

Boilers
Boiler sizes were determined based on BTU/SF ratings from Chris Cursi and rounded up to nearest boiler size.



9600 feet

TAB I.  VEHICLE ASSUMPTIONS

POVs

Staff Staff ADT Students - Shuttle bus Area Hotel
Students - Shuttle bus 
Area Hotel ADT Students in Dorms Bus

Students in Dorms Bus - 
ADT Students in Dorm POV

Students in Dorm POV - 
ADT Construction Worker Construction Worker ADT

2014 0 - - - - - - - 213 100
2015 0 - - - - - - - 213 100
2016 0 - - - - - - - 393 100
2017 460 1,604 260 48 - - - - 532 100
2018 663 2,156 260 48 - - - - 319 100
2019 867 2,708 260 48 - - - - 139 100
2020 1,070 3,260 250 48 270 24 180 180 139 100

Construction worker numbers from 2 ConstructionEstimates.xls.  Tab D- AnnConsWorkers.  
Assume 20% of construction workers carpool.  Two workers per carpool
Carpool is 50/460 of the total daily trips 11% of trips are carpools
For Student POVs assume 2 trips per week, 50 weeks of instruction, to and from Washington DC
Assume that school operates 50 weeks a year for shuttling students
Assume that in 2017 the staff and first students arrive
assume staff increases linearly until 2020
Assume traffic in years additional to 2020 are at the same approximate level
Assume POV are passenger vehicles.  Combined emission factor of cars and passenger trucks from MOVES.
Passenger vehicles emission factors are derived from MOVES for a specific year.  For POVs the past 10 model years are used.
Car pools and shuttle buses use the Light Commercial Trucks emission factor from MOVES for a specific year.  Car pools and shuttle buses the past 2 model years are used.
Emissions calculations for 2017 -2020 shuttle buses use emission factors for 2017.
Emissions calculations for dorm shuttle buses use emission factors for 2020.
Student POVs and shuttles from the airports use emission factors for 2017.
All POVs, car pools, and shuttle buses assumed Rural Unrestricted road type.

Track Usage
From Construction Assumptions
E04 1.818181818 miles
D03 6.3 miles
D04 2.6 miles
D05 2.4 miles

From IllustrativePlan_January_2012
Track 1 9000 feet 1.7 miles
Track 2 13200 feet 2.5 miles
Track 3 10300 feet 2.0 miles

Assume cars used on paved surfaces and trucks/suvs on non paved surfaces.

Vehicle count from Noise Study.

Track vehicle emission factors are derived from MOVES for a specific year.  For track vehicles the model years, 2016 - 1987 are used.

Road Types 
D02 Urban Restricted Access and Rural Restricted Access
D03 Urban Restricted Access and Urban Unrestricted Access
E04 - Urban Urban Unrestricted Access
E04 - Rural Rural Unrestricted Access
D05 Rural Unrestricted Access
D04 Rural Unrestricted Access
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EXECUTIVE SUMMARY 

The economic and fiscal impact technical studies were prepared in support of the Supplemental Draft 

Environmental Impact Statement (SDEIS) for the proposed construction and operations of the United 

States Department of State Foreign Affairs Security Training Center (FASTC) in Nottoway County, 

Virginia. The purpose of these studies is to provide estimates of the potential impact of the proposed 

project on the economic and fiscal conditions of the economic region that would be most strongly 

affected. This economic region consists of Nottoway County and seven surrounding counties in south-

central Virginia. Analyses in the technical studies quantify the following types of impacts on the affected 

region: 

 Economic impacts from the construction of FASTC on an eight-county economic region 

 Economic impacts from the operations of FASTC on an eight-county economic region 

 Fiscal impacts from the operations of FASTC on local governments in Nottoway County 

 Fiscal impacts from the operations of FASTC on local governments in Chesterfield County 

The technical studies do not address alternatives to the proposed action, cumulative or other impacts 

unrelated to the proposed action, significance of impacts, or potential mitigations. Such issues are 

addressed in appropriate sections of the SDEIS. The technical studies were prepared using the most 

current and best available data for relevant issues such as geographic origin of the necessary 

construction labor force and the locations of residence for expected new population, as well as the 

proposed project’s implementation schedule. These impact analyses are essentially a snapshot in time; 

therefore, should ongoing planning, scheduling, and federal legislative activities result in changes to 

various input assumptions, the actual economic impacts may vary somewhat from the conclusions 

presented in this report. 

Impacts are presented on a year-by-year basis. Since 2020 would be the first complete year of FASTC 

full-operations, estimates of impacts from operations for that year are considered steady-state impacts, 

meaning that the same magnitude of impacts could be expected every year during the lifetime of FASTC 

operations (given current planning assumptions and economic conditions). Impacts are also estimated 

based upon current economic conditions and dollars; all quantified dollar impacts are presented in 

constant 2014 dollar values. Economic conditions that may be affected by the value of currency, multi-

factor productivity, and other macro-economic conditions are held constant due to the high potential 

for errors in projecting these variables into the future.  

The economic impact technical study addresses economic impacts to the eight-county region by 

analyzing a combined economic region referred to as the region of influence (ROI) of the proposed 

action. Because the project would be located in Nottoway County, economic impacts would be expected 

to be concentrated there, as well as in nearby Chesterfield County, which has a relatively large and 

rapidly growing economy. The other six counties included in the ROI – Amelia, Brunswick, Dinwiddie, 

Lunenburg, Mecklenburg, and Prince Edward – would be expected to share in the residual economic 

impacts. The assumptions incorporated into the analysis are summarized in Attachment A. 
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The fiscal impact technical study addresses fiscal impacts to the two counties in the ROI expected to 

have fiscal conditions most strongly affected by the proposed action – Nottoway County and 

Chesterfield County. These two counties would be expected to accrue most of the economic benefits 

associated with the proposed action, and thus collect the majority of the tax and fee revenue generated 

by the proposed action. Additionally, these two counties are anticipated to be the home to most of the 

new residential population to the region and, as such, would incur the most additional government cost.  

Economic Impact Summary Estimates 

As construction would begin prior to operations, economic impacts would initially be entirely 

construction related. As operations ramp up (starting in 2016) and construction starts to wind down 

(after 2017), the generation of economic impacts becomes more related to operations. Impacts 

generated by operations are expected to exceed impacts generated by construction beginning in 2018. 

Tables ES-1, ES-2, and ES-3 summarize economic impact estimates for the eight-county economic region. 

Figures ES-1, ES-2, and ES-3 illustrate those estimates along with projections for 2021 to demonstrate 

the nature of steady-state impacts.  

Table ES-1. Total Impact – Annual Full-time Equivalent (FTE) Jobs 

  2015 2016 2017 2018 2019 2020 

Construction 254 1,633 1,130 525 463 36 

Operations 0 78 392 705 744 783 

Total 254 1,711 1,522 1,230 1,207 819 
Note: Jobs directly attributed to FASTC employment plus jobs created through economic output in the region. Economic output 

is the total production and sales volume generated in the ROI as a result of the construction and operations of FASTC. 

 
 

  

Figure ES-1. FTE Jobs Impact from Combined Construction and Operations, 2015-2021  
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Table ES-2. Total Impact – Annual Labor Income (2014 Constant Dollars) 

  2015 2016 2017 2018 2019 2020 

Construction $11,478,013 $71,683,135 $50,883,881 $23,627,350 $20,877,884 $1,632,426 

Operations $0  $4,392,002  $21,957,111  $39,522,799  $41,718,509  $43,914,221  

Total $11,478,013  $76,075,137  $72,840,992  $63,150,149  $62,596,393  $45,546,647  

 

 

Figure ES-2. Labor Income Impact from Combined Construction and Operations,  
2015-2021, Constant 2014 Dollars 
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Table ES-3. Total Impact – Annual Economic Output (2014 Constant Dollars) 

 2015 2016 2017 2018 2019 2020 

Construction $30,666,700 $192,404,665 $136,577,398 $63,418,158 $56,038,316 $4,381,595 

Operations $0 $9,717,977 $48,588,504 $87,459,306 $92,318,155 $97,177,007 

Total $30,666,700 $202,122,642 $185,165,902 $150,877,464 $148,356,471 $101,558,602 

 

 

Figure ES-3. Economic Output Impact from Combined Construction and Operations, 2015-2021, 
Constant 2014 Dollars 
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Fiscal Impact Summary Estimates 

The fiscal impact technical study quantifies estimated impacts to local governments within Nottoway 

County and Chesterfield County. Estimates are presented in terms of net revenues (total revenues minus 

total costs) of these local governments. Additional qualitative analysis of potential impacts from the 

operations phase on the net revenues of the remaining six counties in the eight-county economic region 

is also provided. The small percentage of potential residents that may be added throughout the other 

counties is not known in sufficient detail to provide a quantitative fiscal impact analysis for those other 

counties. Combined, local governments in other counties in the ROI would be expected to receive less 

revenue, incur lower costs, and see only marginal changes in net revenue. Fiscal impacts to local 

governments are addressed for the operations phase only. Table ES-4 shows summary estimates for net 

revenues for Nottoway and Chesterfield Counties. Figures ES-4 and ES-5 illustrate those estimates along 

with projections for 2021, which further illustrate the nature of steady-state impacts. 

Estimates assume that most trainee lodging would take place in Chesterfield County, but if capacity in 

the accommodations industry in Nottoway County were to increase (e.g., if a new motel were built), 

then net revenues to Nottoway County would increase. 

Table ES-4. Total Impact – Net Revenues to Local Governments from FASTC Operations 

 2016 2017 2018 2019 2020 

Nottoway County $46,619 $233,092 $422,539 $443,474 $466,783 

Chesterfield County $131,977 $659,884 $1,187,791 $1,253,778 $1,319,766 

 

 
Figure ES-4. Nottoway County Local Government Revenue, Cost, and Net Revenue, 2016 to 2021, 

Constant 2014 Dollars 
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Figure ES-5. Chesterfield County Local Government Revenue, Cost, and Net Revenue, 2016 to 2021, 
Constant 2014 Dollars 
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CHAPTER 1. INTRODUCTION 

The United States (U.S.) General Services Administration (GSA) is proposing to acquire land and develop 

a U.S. Department of State (DOS), Bureau of Diplomatic Security (DS) Foreign Affairs Security Training 

Center (FASTC) in Nottoway County, Virginia. The proposed location is near the town of Blackstone and 

includes land parcels within the Army National Guard Maneuver Training Center Fort Pickett and 

Nottoway County Local Redevelopment Authority area. The development of FASTC would establish a 

consolidated training center from which DS may efficiently conduct hard skills training for a wide array 

of DS law enforcement and security disciplines to meet increased demand for well-trained personnel. 

Currently, DS hard skills training functions are conducted in 11 separate leased and contracted training 

facilities dispersed around the country. The proposed FASTC would consolidate hard skills training 

functions at one central facility. 

The proposed FASTC project would consist of two major phases, a construction phase and an operations 

phase. Construction of FASTC would last about 5 years and is expected to begin in 2015 and be 

completed in early 2020. The operations phase would overlap with the construction phase; operations 

would begin in 2016 and increase in magnitude until full operations begin in 2020. FASTC full-operations 

would then continue for the foreseeable future. 

This technical report identifies the economic and fiscal impacts associated with implementation of the 

proposed FASTC project. Economic impacts relate to the project’s potential for generating jobs, labor 

income, and economic output. Fiscal impacts relate to the project’s potential for generating revenues 

and costs to local governments. The Impact Analysis for Planning (IMPLAN) model, a standard tool used 

for economic impact analysis, was used to generate economic impacts. The IMPLAN model was also 

used to generate estimates of local government revenue impacts, while estimates of local government 

costs were estimated based on expected new population to the region and data on per capita local 

government costs.  

The economic and fiscal impact studies are presented separately; Chapter 2 presents the economic 

impact study and Chapter 3 presents the fiscal impact study. Both Chapter 2 and Chapter 3 contain two 

parts – an approach to analysis section and an estimated impacts section. The approach to analysis 

sections address the data and methods that were used to conduct the economic and fiscal impact 

studies. The estimated impacts sections provide the results of the respective studies. The estimates of 

the economic impact analysis are presented for three economic variables – jobs, labor income, and 

economic output. Estimates for the fiscal impact analysis are presented for total local government 

revenues, costs, and net revenues. 
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CHAPTER 2. ECONOMIC IMPACT TECHNICAL STUDY 

2.1 APPROACH TO ANALYSIS OF ECONOMIC IMPACTS 

2.1.1 Region of Influence 

This economic impact technical study analyzes the economic impacts of the FASTC project on the 

regional of influence (ROI), consisting of eight counties in south-central Virginia; all estimates are 

presented for the combined ROI. While the FASTC project would be located in Nottoway County, the 

economic effects of the project would also extend into surrounding counties through the purchase of 

goods and services, employee residential spending, etc. Counties in the ROI include Amelia, Brunswick, 

Chesterfield, Dinwiddie, Lunenburg, Mecklenburg, Nottoway, and Prince Edward. In order to conduct 

the analysis and present economic impact estimates for the combined ROI, eight sets of IMPLAN data – 

one for each county in the ROI – were combined into a single economic model. 

The following Figures 2-1 and 2-2 provide information on the ROI and each of the counties within the 

ROI. Figure 2-1 shows the population for each county and indicates the relative size of the population for 

each county compared to other counties in the ROI. Figure 2-2 shows the overall size of each county 

economy and indicates the relative size of each county economy compared to other counties in the ROI.  
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Figure 2-1. ROI Population 
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Figure 2-2. ROI Final Demand (Size of Economy) 
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2.1.2 Input Data and Modeling Procedures 

Input data for the economic model were collected from GSA and DOS and are based on experience and 

knowledge that the agencies have gained from construction and operation of facilities with similar 

functions as the proposed FASTC. For analysis of the construction phase, GSA provided information on 

anticipated construction expenditures. For analysis of the operations phase, DOS provided data on 

payroll and non-payroll operational expenditures, and the projected number and length of stay for 

trainees. The agencies also provided a timeline for construction (provided by GSA) and operations 

(provided by DOS), which allowed for the analysis to be conducted on a year-by-year basis. 

Some estimates were made prior to economic modeling to allow for incorporation of primary data into 

the IMPLAN model. Additional estimates were made post-modeling, such as conversion of IMPLAN jobs 

estimates to full-time equivalent (FTE), so that estimates could be presented in a consistent manner. 

Estimates typically used factors that were gathered from GSA or DOS, federal statistical agencies, or the 

private firm that has proprietorship over the IMPLAN model. In order to complete certain portions of 

the analyses, some assumptions were made. Attachment A provides a summary of these assumptions. 

2.1.2.1 Construction Expenditures 

In total, GSA estimated construction expenditures to be approximately $350 million. This initial estimate 

was used as a basis to establish the amount of expenditures that would be made on construction 

occurring within the ROI. Portions of the initial estimate that relate to construction contractor 

contingencies and certain fees were identified in GSA estimates and were excluded from analysis 

because this money is estimated to be spent outside of the ROI. The initial estimate also included 

expenditures related to escalation, or construction cost inflation; this was also removed from analysis 

because the analysis was conducted in constant dollars (an analysis that assumes no changes, over time, 

to prices, wages, or other economic variables). After removing expenditures that would likely not impact 

the economy of the ROI, it was estimated that a total of $294 million would be spent on construction 

over the course of the construction phase.  

The construction plan established by GSA enabled the distribution of these expenditures over time on 

an annualized basis. Table 2-1 shows construction expenditures in the ROI spread out over the course of 

the construction phase. These construction expenditures were input into the IMPLAN model (IMPLAN 

Sector 361) to generate estimates of economic impacts related to the construction phase. 

Table 2-1. Total Expenditures on Construction in the ROI, 2015 to 2020, Constant 2014 Dollars 

2015 2016 2017 2018 2019 2020 

$18,649,254 $117,123,578 $83,139,530 $38,604,893 $34,112,520 $2,667,233 
Source: GSA 2014a. 

Note:  GSA construction estimate adjusted to include only expenditures expected to be made for construction in the ROI. 

 

                                                      

1
 IMPLAN sectors are representations of industries within a regional economy. Applying project-related 

expenditures to a particular IMPLAN sector simulates expenditures being made in a corresponding industry. 
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2.1.2.2 Operational Expenditures 

There would be three major sources of local expenditures derived from operational activities at FASTC: 

1) payroll; 2) purchases of goods and services that would be required to operate FASTC; and 3) 

purchases by trainees. Since it is expected that FASTC would maintain operations for the foreseeable 

future, impacts related to FASTC operations would be considered economically sustainable in 

comparison to the construction phase (which would be completed in early 2020). The following sections 

discuss the sources and magnitude of FASTC local operational expenditures. 

Operational Payroll Expenditures 

DOS provided information on total government employment and average salaries that would be 

associated with FASTC operations. The employment totals in Table 2-2 represent all government 

employees. As Table 2-2 indicates, direct operational employment related to FASTC would build up from 

the first year of operations in 2016 until full operations are reached in 2020. Since 2020 would be the 

first full year of steady-state operations, the direct operational jobs indicated in Table 2-2 would be 

generated every year in perpetuity, absent any unforeseen changes. These data were input into the 

IMPLAN model as employment in the federal government, non-military sector (IMPLAN sector 439). 

Table 2-2. Estimated Direct Operational Employment (FTE), 2016 to 2020 

2016 2017 2018 2019 2020
1 

34 170 305 322 339 
Source:  DOS 2014. 
Note:  

1
2020 represents a steady-state. This number of jobs would be expected to continue 
annually for the foreseeable future. 
2 Average annual salary for these employees was estimated to be about $82,000 per year 
(DOS 2014) 

  

Table 2-3 shows payroll expenditures that would be associated with direct operational employment. 

Similar to growth in employment from 2016 to 2020, payroll expenditures would increase from the start 

of operations in 2016 until full operations would be reached in 2020. These data were input into the 

IMPLAN model as employee compensation in the federal government, non-military sector (IMPLAN 

sector 439). 

Table 2-3. Estimated Income of Direct Operations Workers,  
2016 to 2020, Constant 2014 Dollars 

2016 2017 2018 2019 2020
1
 

$2,613,759 $13,068,796 $23,523,832 $24,830,711 $26,137,591 
Source:  DOS 2014. 
Note:  

1
Estimate for 2020 represents steady-state payroll expenditures. This  level of payroll 
would be expected to continue annually for the  foreseeable future. 

 

Non-payroll Operational Expenditures 

DOS provided information on FASTC non-payroll operational expenditures. These data represent 

purchases of goods and services within the ROI that would be made to maintain the operations of 

FASTC. Because operational expenditures would be related to on-site activities, these operational 
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expenditures would be paid to firms in the ROI that would be contracted to provide goods and services. 

Table 2-4 details the types of goods and services that would be required to operate FASTC and the 

expected level of expenditures for each type of goods and services. Non-payroll operational 

expenditures would be expected to reach a steady-state in 2020, at about $18 million per year. These 

expenditures were input into the IMPLAN model as industry sales in various IMPLAN sectors. 

Table 2-4. Non-payroll Operational Expenditures in the ROI,  
2016 to 2020, Constant 2014 Dollars 

Expenditure Category 
IMPLAN 
Sector 

2016 2017 2018 2019 2020
1 

Fleet Management/Shuttle 
Transportation 

338 $97,187 $485,934 $874,680 $923,274 $971,867 

Training Vehicle Ops, Maintenance & 
Repair 

414 $200,000 $1,000,000 $1,800,000 $1,900,000 $2,000,000 

Wrecker/Salvage Services 338 $32,500 $162,500 $292,500 $308,750 $325,000 

Emergency Medical Services 396 $25,000 $125,000 $225,000 $237,500 $250,000 

Technology Maintenance - Technicians 373 $100,000 $500,000 $900,000 $950,000 $1,000,000 

Facility Management Services Vehicle 
Fuel 

326 $1,196 $5,980 $10,764 $11,362 $11,960 

Building Operations Maintenance 385 $139,359 $696,796 $1,254,233 $1,323,912 $1,393,592 

Building Custodial Services 388 $104,735 $523,677 $942,619 $994,986 $1,047,354 

Range Maintenance & Custodial Services 388 $31,200 $156,000 $280,800 $296,400 $312,000 

Landscaping/Grounds 388 $6,480 $32,400 $58,320 $61,560 $64,800 

Emergency Generator Fuel/Maintenance 331 $240 $1,200 $2,160 $2,280 $2,400 

Telecommunication/Fiber Optic 351 $40,000 $200,000 $360,000 $380,000 $400,000 

Radio Systems 351 $1,200 $6,000 $10,800 $11,400 $12,000 

Electricity 31 $87,479 $437,397 $787,314 $831,053 $874,793 

Water and Sewer 432 $229,625 $1,148,125 $2,066,625 $2,181,438 $2,296,250 

Storm water Management 388 $5,000 $25,000 $45,000 $47,500 $50,000 

Animal Management/Pest Control 388 $8,000 $40,000 $72,000 $76,000 $80,000 

Road Maintenance 338 $5,400 $27,000 $48,600 $51,300 $54,000 

Snow removal and storm cleanup 338 $1,800 $9,000 $16,200 $17,100 $18,000 

Supplies and Equipment 319 $700,000 $3,500,000 $6,300,000 $6,650,000 $7,000,000 

Operational Expenditures (Total)  $1,816,402 $9,082,008  $16,347,614 $17,255,815  $18,164,016  

Source:   DOS 2014. 
Notes:  

1
Estimate for 2020 represents steady-state non-payroll operational expenditures. This level of expenditure 

would be expected to continue annually for the foreseeable future. 

 

Trainee Expenditures 

The primary focus of FASTC would be to train security personnel. Trainees would be expected to spend 

money in the local communities within the ROI. Table 2-5 shows expected annual number of trainee-

days (annual number of trainees multiplied by the average number of days each trainee would spend at 

FASTC) and annual trainee expenditures broken down by type of expenditure.  

Trainee-days were multiplied by an estimate of daily per-trainee expenditures to yield total trainee 

expenditures in the ROI. Daily per-trainee expenditures were estimated based on lodging rates 

negotiated by DOS (DOS 2014) and per diem government travel rates. Daily per-trainee spending was 

estimated to be $121 per trainee day, with $75 per trainee day spent on lodging (which was input into 
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IMPLAN Sector 411), $41 per trainee day spent on meals (IMPLAN Sector 413), and $5 per trainee day 

spent on incidentals (IMPLAN Sector 325). 

Table 2-5. Annual Trainee-Days and Estimated Trainee Expenditures, 2016-2020, Constant 2014 Dollars 

 2016 2017 2018 2019 2020
1 

Annual Trainee-days 12,880 64,400 115,920 122,360 128,800 

Annual Trainee Expenditures $1,558,480  $7,792,400  $14,026,320  $14,805,560  $15,584,800  
   Trainee Expenditures on Lodging

2 
$966,000  $4,830,000  $8,694,000  $9,177,000  $9,660,000  

   Trainee Expenditures on Meals
3 $528,080  $2,640,400  $4,752,720  $5,016,760  $5,280,800  

   Trainee Expenditures on Incidentals $64,400  $322,000  $579,600  $611,800  $644,000  

Sources: DOS 2014 (for trainee-days and lodging expenditures), GSA 2014b (for meals/incidentals). 
Note:  

1
Estimate for 2020 represents steady-state trainee expenditures. This level of expenditure would be 
expected to continue annually for the foreseeable future. 
2
Trainee expenditures on lodging would be funded via federal contracts with hotels/motels within the 

ROI.  
3
Some meals would be eaten on-site during the instructional day and funded via federal contracts with 

food services providers. 
 

2.1.3 Result Variables 

Economic variables that are presented as impacts include Jobs, Labor Income, and Economic Output. 

Each of these variables consists of a direct and an indirect/induced element.  

Direct impacts are associated with FASTC itself and include construction and operations jobs; the 

incomes earned by those workers; the economic output associated with initial purchases of local 

construction materials and supplies; and goods and services that facilitate the operations of FASTC. 

Additional direct impacts are generated through non-payroll expenditures and trainee expenditures. 

Indirect impacts are the jobs, income, and economic output generated by the businesses that supply 

goods and services to FASTC. Indirect jobs include jobs at companies that supply construction 

materials/supplies or support jobs directly related to FASTC operations. Indirect jobs extend to include 

jobs related to the manufacture of products used to construct and operate the facility. Indirect labor 

income includes the income earned by people working indirect jobs. Indirect output includes the total 

sales volume related to the supply of goods and services to FASTC. 

Induced impacts are the result of spending of the wages and salaries of the direct and indirect 

employees on items such as food, housing, transportation, and medical services. This spending creates 

induced employment in nearly all sectors of the economy, especially service sectors.    

Jobs 

Jobs impacts represent the number of FTE jobs that would be created or sustained within the ROI as a 

result of the construction and operations of FASTC. Some direct operational job estimates were 

provided by DOS (Table 2-2) but estimates for all other jobs were calculated by the IMPLAN model, 

based on expenditures. The IMPLAN model generates jobs numbers that include part-time jobs, but 

these jobs numbers were adjusted to FTE using conversion factors published by MIG Inc. (MIG Inc. 

2014b), the developer of the IMPLAN model. 
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Labor Income 

Labor income impacts represent the income generated through the jobs that would be created or 

sustained within the ROI as a result of the construction and operations of FASTC. Some direct 

operational labor income estimates were provided by DOS (Table 2-3) but estimates for all other labor 

income were calculated by the IMPLAN model, based on expenditures.  

Economic Output 

Economic output impacts represent total production and sales volume that would be generated in the 

ROI as a result of the construction and operations of FASTC. Economic output is generated by increases 

in expenditures associated with FASTC construction and operations. 

2.2 ESTIMATED ECONOMIC IMPACTS 

This section presents estimates of economic impacts of proposed FASTC construction and operations on 

the economy of the ROI. Variables that are estimated include jobs, labor income, and economic output. 

Estimates are provided in terms of direct impacts, indirect/induced impacts, and total impacts, on an 

annual basis.  

2.2.1 Jobs 

2.2.1.1 Construction Phase 

Table 2-6 presents estimates of the number of FTE jobs that would be generated by the construction of 

FASTC, during the life of the construction phase, from 2015 to 2020. Construction would be expected to 

begin in late 2015 and build up, reaching a peak in 2016 when 1,633 FTE jobs would be generated or 

sustained within the ROI. After 2016, construction would begin to wind down with 1,130 FTE jobs in 

2017 and about 500 FTE jobs in 2018 and 2019. Most aspects of construction would be complete by the 

end of 2019 and construction would conclude in the early months of 2020. Figure 2-3 illustrates the 

results presented in Table 2-6. 

Table 2-6. Annual FTE Jobs Impact from Construction, 2015-2020 

  2015 2016 2017 2018 2019 2020 

Direct 160 1,046 713 331 292 23 

Indirect/Induced 94 587 417 194 171 13 

Total 254 1,633 1,130 525 463 36 



Economic and Fiscal Impact Technical Studies for Foreign Affairs Security Training Center (FASTC) 

 

 11 

 

Figure 2-3. FTE Jobs Impact from Construction, 2015-2020 

2.2.1.2 Operations Phase 

Table 2-7 presents estimates of FTE jobs that would result from the operations phase of FASTC. 

Operations would be expected to begin in 2016 and build up to a steady-state by 2020. At steady-state 

operations, 574 direct FTE jobs and 209 indirect/induced FTE jobs would be generated or sustained 

within the ROI. Total FTE jobs impacts would increase from 78 in 2016 to a steady-state total of 783 in 

2020. Figure 2-4 illustrates the results presented in Table 2-7 along with estimates for the year 2021, 

which further illustrate the steady-state nature of operational impacts. 
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Table 2-7. Annual FTE Jobs Impact from Operations, 2016-2020 

  2016 2017 2018 2019 2020
1 

Direct
2 

57 287 516 545 574 

Indirect/Induced 21 105 188 199 209 

Total 78 392 704 744 783 
Notes:  

1
Estimate for 2020 represents steady-state operations. This level of jobs 

would be expected to continue annually for the foreseeable future. 
2
 Direct operations jobs include those directly related to FASTC (see 

Table 2-2) and direct jobs from operational contract spending and 
trainee spending, which are estimates that are generated by the 
IMPLAN model.  

 

 

 

Figure 2-4. FTE Jobs Impact from Operations, 2016-2021 
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Table 2-8 provides a breakdown of industries in which at least five additional jobs would occur during 

the steady-state period beginning in 2020. Federal government jobs (at FASTC) would bring the most 

additional jobs to the ROI (339). Jobs in food services and drinking places (103) and hotels and motels 

(82) would also be generated as a result of FASTC operations.  

Table 2-8. Industries with At Least Five Jobs Generated 

 
Direct Indirect/Induced Total 

Federal government  339 0 339 

Food services and drinking places 80 23 103 

Hotels and motels 82 0 82 

Services to buildings and dwellings 24 7 31 

Automotive repair and maintenance 23 2 25 

Transportation and support activities for 
transportation 17 0 17 

Wholesale trade businesses 5 5 10 

Real estate establishments 0 10 10 

Investment related activities 0 9 9 

Employment services 0 9 9 

Offices of physicians, dentists, and other health 
practitioners 0 8 8 

Other state and local government enterprises 7 1 8 

General merchandise stores 0 7 7 

Facilities support services 6 0 6 

Maintenance/repair/construction of nonresidential 
structures 0 6 6 

Civic, social, professional, and similar organizations 0 6 6 

Food and beverage stores 0 6 6 

Private hospitals 0 5 5 

Nursing and residential care facilities 0 5 5 

 

2.2.1.3 Combined Construction and Operations 

Table 2-9 presents estimates of FTE jobs that would result from the combined construction and 

operations of FASTC. Construction would be expected to begin in 2015 and build up, reaching a peak in 

2016. Operations would be expected to begin in 2016 and build up, reaching a steady-state by 2020. 

From 2016 to 2019, there would be more than 1,000 FTE jobs in the ROI associated with FASTC 

construction and operations. As there would be some construction work done in 2020, estimated 

impacts for 2021 represent the steady-state for combined impacts. Figure 2-5 illustrates the results 

presented in Table 2-9 along with estimates for 2022 to further illustrate the steady-state nature of 

operational impacts. 
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Table 2-9. Annual FTE Jobs Impact from Combined Construction and Operations, 
2015-2021 

  2015 2016 2017 2018 2019 2020 2021
1 

Direct 160 1,103 1,000 847 837 597 574 

Indirect/Induced 94 608 522 382 370 223 209 

Total 254 1,711 1,522 1,229 1,207 820 783 
Note:  

1
Estimate for 2020 represents steady-state operations but some construction activity would 

also generate impacts. As such, 2021 represents the steady state for combined impacts. This 
level of jobs would be expected to continue annually for the foreseeable future. 

 
 

 

Figure 2-5. FTE Jobs Impact from Combined Construction and Operations, 2015-2021 
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Table 2-10. Annual Labor Income Impact from Construction, 2015-2020, Constant 2014 Dollars 

  2015 2016 2017 2018 2019 2020 

Direct $7,085,641 $44,158,682 $31,345,799 $14,555,065 $12,861,321 $1,005,617 

Indirect/Induced $4,392,372 $27,524,453 $19,538,082 $9,072,286 $8,016,562 $626,809 

Total $11,478,013 $71,683,135 $50,883,881 $23,627,351 $20,877,883 $1,632,426 

 

 

Figure 2-6. Labor Income Impact from Construction, 2015-2020, Constant 2014 Dollars 
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2.2.2.2 Operations Phase 

Table 2-11 presents estimates of labor income that would result from the operation of FASTC. 

Operations would be expected to begin in 2016 and build up, reaching a steady-state by 2020. At 

steady-state operations, $34.4 million in direct labor income and $9.5 million in indirect/induced labor 

income would be generated as a result of FASTC operations. Total labor income impacts, from FASTC 

operations, would increase from $4.4 million in 2016 to a steady-state total of $43.9 million in 2020. 

Figure 2-7 illustrates the results presented in Table 2-11 along with estimates for 2021 that further 

illustrate the steady-state nature of impacts. 

 

 

Figure 2-7. Labor Income Impact from Operations, 2016-2021, Constant 2014 Dollars 
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Table 2-11. Annual Labor Income Impact from Operations, 2016-2020, Constant 2014 Dollars 

  2016 2017 2018 2019 2020
1
 

Direct
 

$3,444,838 $17,221,731 $30,999,115 $32,721,287 $34,443,461 

Indirect/Induced $947,164 $4,735,380 $8,523,684 $8,997,222 $9,470,760 

Total $4,392,002 $21,957,111 $39,522,799 $41,718,509 $43,914,221 
Notes: 

1
Estimate for 2020 represents steady-state operations. This level of labor income would be expected to continue 
annually for the foreseeable future. 
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2.2.2.3 Combined Construction and Operations 

Table 2-12 presents estimates of labor income that would result from the combined construction and 

operations of FASTC. Construction would be expected to begin in 2015 and build up, reaching a peak in 

2016. Operations would be expected to begin in 2016 and build up, reaching a steady-state by 2020. 

From 2016 to 2019 combined labor income impacts would range from $62.6 million to $76 million per 

year. Then as construction concludes, steady-state operational levels, around $44 million per year would 

persist for the foreseeable future. Figure 2-8 illustrates the results presented in Table 2-12. 

Table 2-12. Annual Labor Income Impact from Combined Construction and Operations, 2015-2021, 
Constant 2014 Dollars 

  2015 2016 2017 2018 2019 2020 2021
1 

Direct $7,085,641 $47,603,520 $48,567,530 $45,554,180 $45,582,609 $35,449,078 $34,443,461 

Indirect/ 
Induced 

$4,392,372 $28,471,617 $24,273,462 $17,595,970 $17,013,784 $10,097,569 $9,470,760 

Total $11,478,013 $76,075,137 $72,840,992 $63,150,150 $62,596,393 $45,546,647 $43,914,221 
Note: 1

 Estimate for 2020 represents steady-state operations but some construction activity would also generate impacts. As such, 
2021 represents the steady-state for combined impacts. This level of labor income would be expected to continue annually 
for the foreseeable future. 

 

 

Figure 2-8. Labor Income Impact from Combined Construction and Operations,  
2015-2022, Constant 2014 Dollars 

$0

$10,000,000

$20,000,000

$30,000,000

$40,000,000

$50,000,000

$60,000,000

$70,000,000

$80,000,000

2015 2016 2017 2018 2019 2020 2021 2022

L
a
b

o
r 

In
co

m
e
 

Direct Indirect/Induced Total



Economic and Fiscal Impact Technical Studies for Foreign Affairs Security Training Center (FASTC) 

 

 18 

2.2.3 Economic Output 

2.2.3.1 Construction Phase 

Table 2-13 shows estimates of economic output that would be generated by the construction of FASTC, 

from 2015 to 2020. Construction would be expected to begin in 2015 and build up, reaching a peak in 

2016. Impacts to economic output would be $30.7 million in 2015 and increase to $192 million in 2016. 

Impacts to economic output would begin to decline after 2016 with economic output of $136.6 million 

in 2017, $63.4 million in 2018, $56 million in 2019, and $4.4 million in 2020. Figure 2-9 illustrates the 

results presented in Table 2-13. 

Table 2-13. Economic Output Impact from Construction, 2015-2020, Constant 2014 Dollars 

  2015 2016 2017 2018 2019 2020 

Direct $18,649,254 $117,123,578 $83,139,530 $38,604,893 $34,112,520 $2,667,233 

Indirect/Induced $12,017,446 $75,281,087 $53,437,867 $24,813,265 $21,925,796 $1,714,362 

Total $30,666,700 $192,404,665 $136,577,397 $63,418,158 $56,038,316 $4,381,595 

 

 

Figure 2-9. Economic Output Impact from Construction, 2015-2020, Constant 2014 Dollars 
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2.2.3.2 Operations Phase 

Table 2-14 presents estimates of economic output that would result from the operations of FASTC. 

Operations would be expected to begin in 2016 and reach a steady-state by 2020. At steady-state 

operations, $68.5 million in direct economic output and $28.7 million in indirect/induced economic 

output per year would be generated by FASTC operations. Total economic output impacts would 

increase from $9.7 million in 2016 to a steady-state total of $97.2 million in 2020. Figure 2-10 illustrates 

the results presented in Table 2-14 along with estimates for the year 2021 that further illustrate the 

steady-state nature of impacts. 

Table 2-14. Annual Economic Output Impact from Operations, 2016-2020,  
Constant 2014 Dollars 

  2016 2017 2018 2019 2020
1 

Direct $6,849,127 $34,245,643 $61,642,156 $65,066,719 $68,491,285 

Indirect/Induced $2,868,849 $14,342,861 $25,817,150 $27,251,436 $28,685,722 

Total $9,717,976 $48,588,504 $87,459,306 $92,318,155 $97,177,007 
Note: 1

Estimate for 2020 represents steady-state operations. This level of labor income would be expected to 
continue annually for the foreseeable future. 

 

 

Figure 2-10. Economic Output Impact from Operations, 2016-2021, Constant 2014 Dollars 
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2.2.3.3 Combined Construction and Operations 

Table 2-15 shows estimates of economic output that would be generated by the combined construction 

and operations of FASTC. Construction would begin in 2015 and build up, reaching a peak in 2016. 

Operations would begin in 2016 and build up, reaching a steady-state by 2020. From 2016 to 2019 

between $150 and $200 million annually in economic output would be generated. The steady-state level 

of about $100 million annually would extend into the foreseeable future. Figure 2-11 illustrates the 

results presented in Table 2-15, along with estimates for the year 2021 that further illustrate the steady-

state nature of impacts. 

Table 2-15. Annual Economic Output Impact from Combined Construction and Operations, 2015-2021, 
Constant 2014 Dollars 

  2015 2016 2017 2018 2019 2020 2021
1 

Direct $18,649,254 $123,972,705 $117,385,173 $100,247,050 $99,179,240 $71,158,518 $68,491,285 

Indirect/ 
Induced 

$12,017,446 $78,149,936 $67,780,729 $50,630,415 $49,177,231 $30,400,084 $28,685,722 

Total $30,666,700 $202,122,641 $185,165,902 $150,877,465 $148,356,471 $101,558,602 $97,177,007 
Note: 

1
Estimate for 2020 represents steady-state operations but some construction activity would also generate impacts. As such, 

2021 represents the steady-state for combined impacts. This level of labor income would be expected to continue annually 
for the foreseeable future. 

 

 

Figure 2-11. Economic Output Impact from Combined Construction and Operations, 2015-2022, 
Constant 2014 Dollars 
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CHAPTER 3. FISCAL IMPACT TECHNICAL STUDY 

3.1 APPROACH TO ANALYSIS OF FISCAL IMPACTS 

The fiscal impact technical study assesses local government revenues and costs that would be associated 

with the operations phase of FASTC. It is anticipated the FASTC operations would generate government 

revenues via associated economic growth and would generate additional government costs caused by 

associated population increases. Fiscal impacts of the construction phase are not assessed because 

construction would be temporary and would not be expected to induce any new population to relocate 

to the ROI. With no additional population relocating to the ROI for the construction phase, government 

costs related to construction would be minimal and it would be expected that local governments would 

benefit fiscally. 

The fiscal impact analysis focuses on the two counties where impacts would be expected to be the 

largest – Nottoway and Chesterfield Counties. In a survey of residential preference conducted among 

existing DOS employees who would likely relocate to work at FASTC, Nottoway and Chesterfield 

Counties were identified as the areas most likely to see an influx of residents. Therefore, the fiscal 

impact analysis focuses on these counties. In order to estimate fiscal impacts for these counties, 

estimates of population and place of residence were incorporated into the economic analysis to isolate 

portions of expenditures that would be relevant to the two counties being analyzed. 

Estimates of local government revenue were generated by the IMPLAN model by conducting individual 

economic impact analysis for Nottoway and Chesterfield Counties. Additional local government 

revenues from the sale of land needed for FASTC that would be paid directly to Nottoway County is 

discussed but not included in quantitative analysis. The reason for this is that the price received from 

GSA for the land is assumed to be revenue neutral over time because, theoretically, in real estate 

valuation, the sale price of the land is equal the discounted value of monthly lease and rental fee 

revenue that would otherwise be paid by others to Nottoway County over time.  

Local government costs were established based on two categories: costs associated with additional 

residential population and costs associated with direct operations: 

The per-capita method (Burchell 1992) was used to estimate costs associated with additional residential 

population by multiplying the number of new residents to each county by the average government cost 

per resident. 

The employment anticipation method (Burchell 1992) was used to estimate costs related to direct 

operations. This method uses the number of anticipated employees as a proxy for the size and scale of 

activities that occur at a building or facility. The size and scale of activities at a building or facility is 

representative of the demand that the building or facility owners and occupants would have for public 

services. The resulting costs would be borne by local governments who provide those services. The 

estimate of cost to local government service providers that would be generated by FASTC operations 

was calculated by multiplying the number of anticipated and relevant direct employees at FASTC (Table 
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2-2) by the per-employee cost of local government public safety services, which represent the only type 

of public services the FASTC facility would be anticipated to demand from local governments. Since 

direct operations would occur in Nottoway County, analysis assumed all costs would accrue to the 

Nottoway County government. To avoid double counting, only anticipated employees who would be 

non-Nottoway County residents were considered relevant for this part of the analysis as costs 

associated with residents are already estimated with the per-capita method.  

3.1.1 Local Government Revenue 

Estimated local government revenue were generated by the IMPLAN model, similar to how economic 

impacts were generated – through operational payroll expenditures, non-payroll operational 

expenditures, and trainee expenditures. These expenditures were adjusted to reflect the portions of 

expenditures that would be expected to occur in Nottoway and Chesterfield counties, respectively.  

While estimates are presented for Nottoway and Chesterfield counties, estimates are not specific to the 

county governments. Estimates reflect impacts to all local governments within the counties, to include 

city, town, or other municipal governments. As such, estimates for the town of Blackstone municipal 

government are included within the estimates for Nottoway County. The IMPLAN model does not 

provide the capability to split county revenue estimates among local town governments (i.e. the model 

does not report how much revenue would go to the Nottoway County government versus the town of 

Blackstone government). However, as a general guide, recent data show that Nottoway County has 

annual revenues about 2.5 times the size of the town of Blackstone’s revenues. This 2.5 to 1 ratio 

translates to an approximately 70% county to 30% town relationship. This implies that of the total local 

government revenues generated from FASTC operations within Nottoway County, the Nottoway County 

government would receive about 70% , and the town of Blackstone government would receive about 

30%. This is not intended to imply that only 30% of taxable activity would occur in Blackstone; rather, 

the lower ratio takes into account that taxable activity taking place in Blackstone may be taxed by both 

the town and the county. 

3.1.1.1 Operational Payroll Expenditures 

Operational payroll expenditures would generate revenue to local governments through sales taxes and 

through other means such as utilities taxes, business license taxes, and miscellaneous non-tax sources 

associated with general increases in economic activity.  

Table 3-1 shows the percentage of operational payroll expenditures that would be made by FASTC to 

employees, by assumed county of employee residence. The information in Table 3-1 was generated 

based on a survey of existing DOS employees who would likely relocate to work at FASTC. Survey results 

are representative of where relocating FASTC employees would likely reside and the expected place of 

residence was used to proxy the location of personal spending.  

About 70% of FASTC employees would be expected to reside in Chesterfield County and 15% would be 

expected to reside in Nottoway County. The remaining 15% of FASTC employees would be expected to 

reside in other counties in the ROI.  
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Table 3-1. Percentage of Operational Payroll Expenditures, 
by County of Residence 

County % of Payroll Expenditures 

Nottoway County 15% 

Chesterfield County 70% 

Other ROI Counties
1 

15% 
Source: Estimated based on place of residence for new FASTC employees as 

determined in survey of existing DOS employees who would likely 

relocate. 

Note: 
1
Amelia, Brunswick, Dinwiddie, Lunenburg, Mecklenburg, and Prince 

Edward counties 

 

Table 3-2 and Table 3-3 show the direct payroll expenditures that were input into the IMPLAN model to 

generate estimates of local government revenue in Nottoway and Chesterfield Counties. The estimates 

of payroll expenditures received by employees residing in Nottoway and Chesterfield counties were 

calculated using personal expenditures information presented in Table 2-3 in conjunction with 

percentages presented in Table 3-1.  

Table 3-2. Operational Payroll Expenditures by County of Residence, 2016-2020, 
Constant 2014 Dollars 

County 2016 2017 2018 2019 2020
1 

Nottoway County $392,064 $1,960,319 $3,528,575 $3,724,607 $3,920,639 

Chesterfield County $1,821,790 $9,108,951 $16,396,111 $17,307,006 $18,217,901 
Note:  

1
Estimate for 2020 represents steady-state personal expenditures. This level of expenditure would 

be expected to continue annually for the foreseeable future. 

 

3.1.1.2 Non-payroll Expenditures 

Non-payroll expenditures would be made to local firms to facilitate the operations of FASTC. These 

expenditures would generate local government revenue through taxes and fees. The geographic 

location of firms that would contract with FASTC is unknown at this time, and estimates of non-payroll 

expenditures, by county, shown in Table 3-4 and Table 3-5 are not certain. They are estimates based on 

data relating to the presence of existing business establishments that was available in the IMPLAN 

model (MIG Inc. 2014a).  

Based on existing data related to the number and size of establishments in relevant industries, and the 

total amount of non-payroll expenditures (presented in Table 2-4), Table 3-3 shows estimated non-

payroll expenditures for goods and services (by expenditure category) that would be expected to be 

made in Nottoway County to support the operations of FASTC. There is some potential that new 

businesses may develop in Nottoway County that would do business with FASTC, which would increase 

non-payroll expenditures in Nottoway County.  
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Table 3-3. Non-payroll Expenditures in Nottoway County, 2016-2020, Constant 2014 Dollars1
 

Expenditure Category 2016 2017 2018 2019 2020
2 

Fleet Management/Shuttle 
Transportation 

$8,000 $40,000 $72,000 $76,000 $80,000 

Training Vehicle Ops, Maintenance 
& Repair 

$150,000 $750,000 $1,350,000 $1,425,000 $1,500,000 

Wrecker/Salvage Services $3,250 $16,250 $29,250 $30,875 $32,500 

Emergency Medical Services $25,000 $125,000 $225,000 $237,500 $250,000 

Technology Maintenance - 
Technicians 

$50,000 $250,000 $450,000 $475,000 $500,000 

Facility Management Services 
Vehicle Fuel 

$1,196 $5,980 $10,764 $11,362 $11,960 

Building Operations Maintenance $0 $0 $0 $0 $0 

Building Custodial Services $52,368 $261,839 $471,310 $497,493 $523,677 

Range Maintenance & Custodial 
Services 

$15,600 $78,000 $140,400 $148,200 $156,000 

Landscaping/Grounds $3,240 $16,200 $29,160 $30,780 $32,400 

Emergency Generator 
Fuel/Maintenance 

$240 $1,200 $2,160 $2,280 $2,400 

Telecommunication/Fiber Optic $0 $0 $0 $0 $0 

Radio Systems $0 $0 $0 $0 $0 

Electricity $87,479 $437,397 $787,314 $831,053 $874,793 

Water and Sewer $229,625 $1,148,125 $2,066,625 $2,181,438 $2,296,250 

Stormwater Management $2,500 $12,500 $22,500 $23,750 $25,000 

Animal Management/Pest Control $4,000 $20,000 $36,000 $38,000 $40,000 

Road Maintenance $540 $2,700 $4,860 $5,130 $5,400 

Snow removal and storm cleanup $180 $900 $1,620 $1,710 $1,800 

Supplies and Equipment $175,000 $875,000 $1,575,000 $1,662,500 $1,750,000 

Operational Expenditures (Total) $808,218 $4,041,091 $7,273,963 $7,678,071 $8,082,180 
Notes: 

1 
Contractors to FASTC are unknown at this time; estimates are based on existing data and are not certain or 

binding.  
2
 Estimate for 2020 represents steady-state non-payroll expenditures. This level of expenditures would be 

expected to continue annually for the foreseeable future. 

 

  



Economic and Fiscal Impact Technical Studies for Foreign Affairs Security Training Center (FASTC) 

 

 25 

Table 3-4 shows estimated non-payroll expenditures for goods and services (by expenditure category) 

that would be expected to be made in Chesterfield County to support the operations of FASTC. 

Table 3-4. Non-payroll Expenditures in Chesterfield County,  
2016-2020, Constant 2014 Dollars1

 

Expenditure Category 2016 2017 2018 2019 2020
2 

Fleet Management/Shuttle 
Transportation 

$60,000 $300,000 $540,000 $570,000 $600,000 

Training Vehicle Ops, Maintenance 
& Repair 

$20,000 $100,000 $180,000 $190,000 $200,000 

Wrecker/Salvage Services $24,375 $121,875 $219,375 $231,563 $243,750 

Emergency Medical Services $0 $0 $0 $0 $0 

Technology Maintenance - 
Technicians 

$50,000 $250,000 $450,000 $475,000 $500,000 

Facility Management Services 
Vehicle Fuel 

$0 $0 $0 $0 $0 

Building Operations Maintenance $104,519 $522,597 $940,675 $992,934 $1,045,194 

Building Custodial Services $52,368 $261,839 $471,310 $497,493 $523,677 

Range Maintenance & Custodial 
Services 

$15,600 $78,000 $140,400 $148,200 $156,000 

Landscaping/Grounds $3,240 $16,200 $29,160 $30,780 $32,400 

Emergency Generator 
Fuel/Maintenance 

$0 $0 $0 $0 $0 

Telecommunication/Fiber Optic $40,000 $200,000 $360,000 $380,000 $400,000 

Radio Systems $1,200 $6,000 $10,800 $11,400 $12,000 

Electricity $0 $0 $0 $0 $0 

Water and Sewer $0 $0 $0 $0 $0 

Stormwater Management $2,500 $12,500 $22,500 $23,750 $25,000 

Animal Management/Pest Control $4,000 $20,000 $36,000 $38,000 $40,000 

Road Maintenance $4,050 $20,250 $36,450 $38,475 $40,500 

Snow removal and storm cleanup $1,350 $6,750 $12,150 $12,825 $13,500 

Supplies and Equipment $350,000 $1,750,000 $3,150,000 $3,325,000 $3,500,000 

Operational Expenditures (Total) $733,202 $3,666,011 $6,598,820 $6,965,420 $7,332,021 
Notes: 

1 
Contractors to FASTC are unknown at this time; estimates are based on existing data and are not certain or binding. 

2
Estimate for 2020 represents steady-state non-payroll expenditures. This level of expenditures would be expected to 

continue annually for the foreseeable future. 
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Table 3-5 shows a side-by side comparison of estimated expenditures by county during the steady-state 

period of operations, which would begin in 2020. The breakdown of which county where operational 

expenditures would be made was based on existing data relating to current employment in each 

industry, in each county. The general assumption was that FASTC would contract from firms nearby (in 

Nottoway County) when possible. However, for some industries, data showed that there was limited or 

no employment suggesting that Nottoway County establishments would only be able to accommodate a 

portion of the business or none at all. Overall, about $8 million per year in non-payroll expenditures 

would be made in Nottoway County and about $7.3 million per year would be made in Chesterfield 

County, during the steady-state period. 

Table 3-5. Non-payroll Expenditures in Nottoway and Chesterfield Counties,  
Steady-State Period, Constant 2014 Dollars 

Expenditure Category 
Nottoway 

County 
Chesterfield 

County
 

Fleet Management/Shuttle Transportation $80,000 $600,000 

Training Vehicle Ops, Maintenance & Repair $1,500,000 $200,000 

Wrecker/Salvage Services $32,500 $243,750 

Emergency Medical Services $250,000 $0 

Technology Maintenance - Technicians $500,000 $500,000 

Facility Management Services Vehicle Fuel $11,960 $0 

Building Operations Maintenance $0 $1,045,194 

Building Custodial Services $523,677 $523,677 

Range Maintenance & Custodial Services $156,000 $156,000 

Landscaping/Grounds $32,400 $32,400 

Emergency Generator Fuel/Maintenance $2,400 $0 

Telecommunication/Fiber Optic $0 $400,000 

Radio Systems $0 $12,000 

Electricity $874,793 $0 

Water and Sewer $2,296,250 $0 

Stormwater Management $25,000 $25,000 

Animal Management/Pest Control $40,000 $40,000 

Road Maintenance $5,400 $40,500 

Snow removal and storm cleanup $1,800 $13,500 

Supplies and Equipment $1,750,000 $3,500,000 

Operational Expenditures (Total) $8,082,180 $7,332,021 
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3.1.1.3 Trainee Expenditures 

Table 3-6 shows estimated total trainee expenditures, distributed between Nottoway and Chesterfield 

Counties. Trainee expenditures would generate tax revenue, primarily through local sales taxes. These 

expenditures were estimated under the assumption that only existing accommodations in Nottoway 

County would be available.  

Given the number of trainee days, there would be a consistent, daily demand for about 350 hotel/motel 

rooms. Hotels/motels in Nottoway County do not have capacity to meet that demand and most trainee 

lodging is assumed to take place in Chesterfield County. If additional accommodations were to be built 

in Nottoway County near the FASTC facility, trainee expenditures in Nottoway County would be higher 

and expenditures in Chesterfield would be lower. 

Table 3-6. Trainee Expenditures by County 

County 2016 2017 2018 2019 2020
1 

Nottoway County $493,948  $2,469,740  $4,445,532  $4,692,506  $4,939,480  
   Trainee Expenditures on Lodging

2
 $144,900  $724,500  $1,304,100  $1,376,550  $1,449,000  

   Trainee Expenditures on Meals
3
 $316,848  $1,584,240  $2,851,632  $3,010,056  $3,168,480  

   Trainee Expenditures on Incidentals $32,200  $161,000  $289,800  $305,900  $322,000  

Chesterfield County $967,932  $4,839,660  $8,711,388  $9,195,354  $9,679,320  
   Trainee Expenditures on Lodging

2
 $724,500  $3,622,500  $6,520,500  $6,882,750  $7,245,000  

   Trainee Expenditures on Meals $211,232  $1,056,160  $1,901,088  $2,006,704  $2,112,320  

   Trainee Expenditures on Incidentals $32,200  $161,000  $289,800  $305,900  $322,000  

Note: 
1
Estimate for 2020 represents steady-state trainee expenditures. This  level of expenditures would be 

expected to continue annually for the foreseeable future. 
2
Trainee expenditures on lodging would be funded via federal contracts with hotels/motels within the ROI.  

3
Some meals would be eaten on-site during the instructional day and funded via federal contracts with food 

services providers. 
 

3.1.2 Local Government Costs 

As explained in Section 3.1, local government costs were established based on two categories: costs 

associated with additional residential population and costs associated with direct operations: 

The per-capita method (Burchell 1992) was used to estimate costs associated with additional residential 

population by multiplying the number of new residents to each county by the average government cost 

per resident. 

The employment anticipation method (Burchell 1992) was used to estimate costs related to direct 

operations by multiplying the number of anticipated direct employees at FASTC (Table 2-2) by the per-

employee cost of government public safety services. Since direct operations would occur in Nottoway 

County, this portion of the government cost analysis was only conducted for Nottoway County. Since 

costs associated with residents were estimated with the per-capita method, only employees that are 

anticipated to be non-residents of Nottoway County were used in the employment anticipation method.  

Data sources used to make government cost estimates included data from DOS and the U.S. Census 

Bureau to estimate additional population, and location of residence for additional population, the 
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Virginia Auditor of Public Accounts for information on county government costs, and the Bureau of labor 

Statistics for information on the number of employees in Nottoway County. 

3.1.2.1 Local Government Costs Associated with Additional Residential Population 

Table 3-7 displays the number of employees who would be expected to relocate from their current 

residences to work at FASTC. These employees would add to the population of the ROI, primarily 

Chesterfield and Nottoway Counties. All other employment associated with FASTC would be expected to 

be filled by current residents of the ROI and would not be expected to add to population.  

Table 3-7. FASTC Transfer Employees, 2016-2020 

2016 2017 2018 2019 2020
1 

21 106 191 201 212 
Source: DOS 2014 
Note: 12020 transfer employees represent a steady-state. This 
number of transfer employees would be expected to continue 
annually for the foreseeable future. 

 

FASTC transfers may bring their families or other household members, which would also serve to 

increase population in the ROI. Table 3-8 shows the average household size for the U.S. as of the most 

recent decennial census. The average household size of 2.58 persons per household implies that for 

every employee who transfers to work at FASTC, an additional 1.58 persons (for instance, a spouse and 

0.58 children on average) would also relocate to the region, adding to population.  

Table 3-8. Average Household Size, 
2010 U.S. Average 

 U.S. Average 

Average Household Size 2.58 
Source:  U.S. Census Bureau 2010 

Table 3-9 shows the estimated total new population to the region resulting from FASTC operations, 

given the number of transfer employees and the assumed average household size. This population 

would be spread throughout the region, but the bulk of new population would be expected to reside in 

Nottoway and Chesterfield counties. The percentage breakdown of place of residence for new 

population provided in Table 3-1 suggests that about 70%% of new population would reside in 

Chesterfield County and 15% would reside in Nottoway County. 

Table 3-9. Total New Population to the Region 

2016 2017 2018 2019 2020
1 

55 273 492 520 547 
Note: 

1
2020 new population represents a steady-state. This 

number of new population would be expected to continue 

annually for the foreseeable future. 

Given total new population and the percentage breakdown, Table 3-10 shows the expected number of 

new population for Nottoway and Chesterfield counties. As shown in Table 3-10, at steady-state 

operations, which begin in 2020, there would be 82 new people residing in Nottoway County and 381 
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new people residing in Chesterfield County. Each new resident identified in Table 3-9 would receive 

government services and thus increase costs to local government. 

Table 3-10. New Population by County, 2016-2020 

  2016 2017 2018 2019 2020
1 

Nottoway County 8 41 74 78 82 

Chesterfield County 38 191 343 362 381 
Note: 

1
2020 new population represents a steady-state. This number of new population 

would be expected to continue annually for the foreseeable future.  
 

Table 3-11 and Table 3-12 provide a breakdown of per capita government costs during 2013 for 

Nottoway County and Chesterfield County, respectively. A total of $2,160 per person was spent by 

Nottoway County and $2,710 per person was spent by Chesterfield County in 2013. The highest per 

capita cost items included education, public safety, and health and welfare. 

Table 3-11. Nottoway County, Per Capita Government Costs, 2013 

Expenditure Category Per Capita Expenditure 

General Government and Administration $70 

Judicial Administration $41 

Public Safety $249 

Public Works $65 

Health and Welfare $283 

Education $1,386 

Parks, Recreation, and Cultural Services $16 

Community Development $49 

Total $2,159 
Source:  VAPA 2014. 

 

Table 3-12. Chesterfield County, Per Capita Government Costs, 2013 

Expenditure Category Per Capita Expenditure 

General Government and Administration $96 

Judicial Administration $50 

Public Safety $537 

Public Works $61 

Health and Welfare $215 

Education $1,649 

Parks, Recreation, and Cultural Services $50 

Community Development $53 

Total $2,711 
Source:  VAPA 2014. 

The per capita government costs shown in Table 3-11 and 3-12 were multiplied by the expected new 

populations for each county (Table 3-10) to yield estimates of local government costs attributable to 

FASTC operations. 
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3.1.2.2 Local Government Costs Associated with FASTC Operations 

Local government costs associated with the FASTC facility are anticipated to be incurred only by 

Nottoway County and are estimated based on the number of direct operational employees that would 

be anticipated to reside outside of Nottoway County. Only those employees that are anticipated to 

reside outside of Nottoway County are included to avoid double counting because costs associated with 

employees that would reside in Nottoway County are accounted for in association with additional 

residential population (see Section 3.1.2.1). Table 3-13 utilizes information from Tables 2-2 and 3-1 to 

estimate the number of direct operational employees that would not reside in Nottoway County. 

Table 3-13. Estimated Direct Operational FASTC Employees with Residence Outside 
of Nottoway County 

 

2016 2017 2018 2019 2020
1 

Direct Operational Employees 34 170 305 322 339 

% of Employees Residing Outside of 
Nottoway County 

85% 85% 85% 85% 85% 

Direct Operational Employees residing 
Outside of Nottoway County

2 29 145 259 274 288 

Note:  
1
2020 new population represents a steady-state. This number of new population would be 

expected to continue annually for the foreseeable future.  
2 

Calculated by multiplying the first row by the second row. 

The number of direct operational FASTC employees with residence outside of Nottoway County was 

multiplied by estimated, per employee, Nottoway County expenditures on public safety services to 

estimate local government costs. Table 3-14 shows The amount Nottoway County spent on safety 

services in FY 2013, the number of employees there were in the county in 2013, and the per employee 

expenditure on public safety services. 

Table 3-14. Per Employee Public Safety Expenditures, 
Nottoway County, 2013 

 
Expenditures/Employees 

Expenditure on Public Safety Services $3,955,238  

Total County Employees 5,613 

Per Employee Expenditures $705  
Sources: VAPA 2014. BLS 2014. 

 
 

3.2 ESTIMATED FISCAL IMPACTS 

Estimated fiscal impacts compare projected local government revenue to projected local government 

costs during the operations phase of FASTC for Nottoway and Chesterfield counties. Due to the 

expectation that more new population associated with FASTC would live in Chesterfield County, local 

government revenue and local government costs are higher there than in Nottoway County. Local 

governments in both counties would be expected to have positive net revenue as a result of FASTC 

operations.  
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Fiscal impacts from the construction phase are not quantified in this section (refer to Section 3.1); 

however, it would be expected that there would be increased government revenues in Nottoway 

County, Chesterfield County, and other counties in the ROI. Government costs associated with 

construction would be minimal in all counties of the ROI, as little to no new population would be 

anticipated to relocate to the area for the temporary project. Government costs associated with 

construction would be most likely to occur in Nottoway County; these costs would be associated with 

use of roads and other municipal infrastructure, but since the construction project itself would take 

place at Fort Pickett, costs to governments in Nottoway County would be minimal.  

3.2.1 Nottoway County 

Table 3-15 shows projected local government revenue, cost, and net revenue (revenue minus cost) for 

Nottoway County from 2016 to 2020. In 2020, the first year of FASTC steady-state operations, local 

governments in Nottoway County would collect about $850,000 in revenue and spend about $380,000. 

Steady-state total net revenue for local governments would be about $467,000. Figure 3-1 illustrates the 

results presented in Table 3-12, along with estimates for 2021 that further illustrate the steady-state 

nature of impacts. 

In addition to revenues presented in Table 3-15, Nottoway County would receive a one-time payment 

for the sale of land that would be used by FASTC. Since the amount of the payment is unknown at this 

time, and the payment is assumed to be net revenue neutral over the long-term, the value of the sale is 

not included in the fiscal analysis. (See Attachment A of this technical study for details on this 

assumption).  

Furthermore, estimates presented in Table 3-15 assume no hotel development in Nottoway County. If a 

hotel were to be built and capture a large portion of trainee expenditures on accommodations, 

Nottoway County revenues would be substantially higher. 

Table 3-15. Annual Nottoway County Local Government Revenue, Cost, and Net Revenue,  
2016 to 2020, Constant 2014 Dollars 

 2016 2017 2018 2019 2020
1 

Revenue $84,703 $423,512 $764,696 $804,673 $847,024 

Total Cost $38,084 $190,420 $342,156 $361,199 $380,241 
    Cost (Residential Population) $17,719 $88,597 $159,474 $168,334 $177,194 

    Cost (Direct Operations) $20,365 $101,823 $182,682 $192,865 $203,047 

Net Revenue $46,619 $233,092 $422,540 $443,474 $466,783 
Note: 

1
2020 local government revenue, cost, and net revenue represent a steady state. These numbers 

would be expected to continue annually for the foreseeable future. 
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Figure 3-1. Nottoway County Local Government Revenue, Cost, and Net Revenue, 2016 to 2021, 
Constant 2014 Dollars 
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3.2.2 Chesterfield County 

Table 3-16 shows projected local government revenue, cost, and net revenue (revenue minus cost) for 

Chesterfield County from 2016 to 2020. In 2020, the first year of FASTC steady-state operations, local 

governments in Chesterfield County would collect about $2.4 million in revenue and spend about $1.03 

million. Net revenue for local governments would be about $1.3 million. Figure 3-2 illustrates the results 

presented in Table 3-16, along with estimates for 2021 that further illustrate the steady-state nature of 

impacts. 

Table 3-16. Annual Chesterfield County Local Government Revenue, Cost,  
and Net Revenue, 2016 to 2020, Constant 2014 Dollars 

 2016 2017 2018 2019 2020
1 

Revenue $235,289 $1,176,445 $2,117,600 $2,235,243 $2,352,887 

Cost $103,312 $516,561 $929,809 $981,465 $1,033,121 

Net Revenue $131,977 $659,884 $1,187,791 $1,253,778 $1,319,766 
Note:  

1
2020 local government revenue, cost, and net revenue represent a steady-state. 

These numbers would be expected to continue annually for the foreseeable future. 

 

 

Figure 3-2. Chesterfield County Local Government Revenue, Cost, and Net Revenue, 2016 to 2021, 
Constant 2014 Dollars 
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ATTACHMENT A:   

SUMMARY OF ASSUMPTIONS 

Economic Impact Analysis 

 The economic effects of the project would be in Nottoway County and also extend into surrounding 

counties where the purchase of goods and services and employee residential locations; etc. would 

occur. Counties in the ROI include Amelia, Brunswick, Chesterfield, Dinwiddie, Lunenburg, 

Mecklenburg, Nottoway, and Prince Edward. 

 Construction and operational data used in estimates were provided by GSA and DOS, respectively, 

based on the best available information. GSA provided information on construction, DOS provided 

information on operations. 

 Timeline provided by GSA/DOS used in the analysis:  Construction 2015-2020 (only first month or so 

in 2020). Operations 10% capacity in 2016, 50% in 2017, 90% in 2018, 95% in 2019, and 100% in 

2020. 

 Construction Expenditures: GSA estimated total construction expenditures to be approximately 

$350 million. After excluding expenditures that would likely not reach the economy of the ROI 

(construction contractor contingencies, certain fees, and escalation or construction cost inflation), it 

was estimated that over the course of the construction phase a total of $294 million would be spent 

on construction within the ROI.  

 Operations expenditures include: local expenditures derived from operational activities associated 

with implementation of FASTC: 1) payroll; 2) purchases of goods and services that would be required 

to operate FASTC; and 3) purchases by trainees. 

Fiscal Impact Analysis 

 Analyzes local government revenue and local government costs that would be associated with the 

operations phase of FASTC. 

 Government costs are assumed to be the results of an increase in population caused by the project 

and by direct operations at the FASTC facility. A DOS employee survey identified Nottoway and 

Chesterfield Counties as the areas likely to receive the largest influx of population. Therefore the 

fiscal impact analysis focuses on these counties. Costs related to direct FASTC operations are only 

incurred by Nottoway County. 

 The purchase of land from Nottoway County is assumed to be revenue neutral over time for the 

County. The sales price would theoretically be equal the discounted value of monthly lease and 

rental income that would have been received by the County. 
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APPROACH TO COMMENT AND RESPONSE PRESENTATION   
 
Pursuant to guidelines of the Council on Environmental Quality (CEQ) for implementing the National 
Environmental Policy Act (NEPA), the U.S. General Services Administration (GSA) as the lead agency of 
this Environmental Impact Statement (EIS) provides responses to comments received during the public 
comment period of the Draft EIS (October 26, 2012 to December 10, 2012). When appropriate, GSA has 
added clarifying information in the main text of the Supplemental Draft EIS to further respond to 
comments. The approach to the presentation of the comments received and responses provided is 
summarized as follows: 
 

• Appendix K is a separate appendix of the Supplemental Draft EIS where all comments received 
and GSA responses are located. 

• Appendix K begins with a table that lists all commenters by category. Commenters on the Draft 
EIS include federal agencies, Commonwealth of Virginia agencies, local agencies and officials, 
and individuals. 

• Comments received are grouped by the respective commenter.  When a commenter used more 
than one method to make comments, all methods (letter, email, or on a comment sheet at the 
public meeting) are provided and grouped together under the same commenter. 

 
Each commenter’s statement is given a number and letter. The statements are bracketed according to 
individual topic or point of discussion. These brackets are illustrated on each commenter’s statement 
and given an alpha-numeric code. The code consists of a letter indicating the group of the commenter (F 
is federal agency, T is Tribe, C is Commonwealth agency, L is local official or agency, and I is for 
Individual); and a number for the commenter followed by a letter indicating a particular comment. (e.g., 
F1 is federal agency commenter; F1-A is that commenters first comment). Each of the bracketed 
comments has a corresponding response in the response column. 
 
The  intent  of  the  responses is  to  directly  address  the  comments. Where comments were 
considered to be opinions or suggestions of the commenter and a detailed response is not required, the 
response “comment noted” is given. Where comments are re-stating elements of the Draft EIS, they are 
considered to be for informational purposes and do not require a response. Such comments are not 
given a bracket or code. Responses provided to similar comments are cross-referenced to avoid 
extensive duplication. In general, the comments that are addressed first (e.g., agencies) have more 
extensive responses and similar comments that appear later in the appendix are referred to the earlier 
response of another commenter (e.g., Refer to response F1-B). Where applicable, responses provide the 
reader with a reference to a section of the Supplemental Draft EIS for more detail, or to a section of the 
Supplemental Draft EIS that has been revised. 
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COMMENT INDEX 
 

Commenter by Category 

(Note: All written comments are grouped by commenter) 
Comment 
Number 

Page 
Number 

Federal Agencies 

Army Corps of Engineers F1 K-4 

U.S. Environmental Protection Agency F2 K-7 

U.S. Department of Interior F3 K-20 

State Agencies  

Commonwealth of Virginia Department of Transportation C1 K-22 

Commonwealth of Virginia: 
Department of Environmental Quality 
Department of Game and Inland Fisheries 
Department of Conservation and Recreation 
Department of Historic Resources 
Department of Health 
Department of Forestry 
Marine Resources Commission 
Department of Aviation 
Nottoway County 
Prince Edward County 
Lunenburg County 
Crater Planning District Commission 
Richmond Regional Planning District Commission 

C2 K-28 

Tribes 

Eastern Band of Cherokee T1 K-81 

Tuscarora Nation T2 K-82 

Local Officials and Agencies 

Lunenburg County L1 K-84 

Mecklenburg County L2 K-85 

Nottoway County L3 K-86 

Town of Crewe L4 K-87 

Downtown Blackstone Inc. L5 K-88 

City of Emporia L6 K-89 

Individuals 

Abbot I1 K-90 

Coleburn I2 K-93 
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Duncanson I3 K-94 

Glancy I4 K-95 

Hasbrouk I5 K-96 

Public I6 K-97 
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FEDERAL AGENCIES 
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GSA Response 
No response necessary on this page.   
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GSA Response 
F1-A  
Figures showing direct wetland impacts by parcel, and text discussing avoidance 
areas, have been added to Section 4.1.4 Wetlands. 
F1-B   
Wetland impact figures added to Section 4.1.4 (refer to Response F1-A) include the 
requested 100 foot buffers. 
F1-C  
Wetland and stream preservation would be addressed as part of the Section 404/401 
Joint Permit Application. 
F1-D  
Clearing of vegetation in wetlands would be to provide appropriate clear zones, such 
as, for safety zones for vehicles on drive tracks. The mechanism for clearing and type 
of wetland that remains would be specified in the project design and would be 
addressed in detail as part of the Section 404/401 Joint Permit Application process.  
F1-E  
The design process would incorporate these practices to the extent feasible and 
would utilize all measures to reduce impacts. 
F1-F   
Low Impact Development (LID) methods would be utilized to the extent feasible in 
accordance with all applicable regulations and guidelines, including but not limited to 
Sec 438 of the Energy Independence and Security Act, state and local regulations, 
GSA sustainability guidelines, and Leadership in Energy and Environmental Design 
(LEED) design criteria. Design details would be provided as part of the Section 
404/401 Joint Permit Application process.  
F1-G  
Mitigation bank credit availability letters would be obtained from all appropriate 
mitigation banks as part of the Section 404/401 Joint Permit Application process. The 
potential wetland mitigation bank in the Army Compatible Use Buffer (ACUB) has not 
yet been constructed. Should this potential site become available for use in the time 
period required for this project, details about the site would be incorporated in the 
permit application.  
F1-H  
There are no road improvements planned outside the Build Alternative 3 site.  
F1-I    
New utilities would be constructed in areas already disturbed along existing or 
planned roadways or utility corridors and would not impact additional areas (Refer to 
TableES-2, Section 4.2.8.1, and Table 6.16-1). 
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GSA Response 

F1-J  
Detailed mapping of wetland impacts would be developed during project design 
and provided as part of the Section 404/401 Joint Permit Application process. 

F1-K  
This information would be developed during project design and provided as part 
of the Section 404/401 Joint Permit Application process. 

F1-L  
Detailed mapping of stream impacts would be developed during project design 
and provided as part of the Section 404/401 Joint Permit Application process. 

F1-M  
The erosion and sediment control plan would be developed during project design 
and provided as part of the Section 404/401 Joint Permit Application process. 

F1-N  
The alternatives development process and the build alternatives of this EIS have 
incorporated existing roads and stream crossings where feasible. This wetland 
impact avoidance measure would be carried through to the design process. 
Additional opportunities for impact minimization would be considered during 
project design.  
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GSA Response 
No response necessary on this page.   
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GSA Response 
 
F2-A  
Comments noted. Should the decision be made to move forward with the FASTC 
project, GSA would be committed to incorporating all feasible impact avoidance 
and minimization measures into the design, construction, and operation of the 
facility.   
 
F2-B 
Responses to the technical comments are provided below. EPA’s rating of EC-2 is 
noted; however, please be advised that GSA has made every effort to include all 
pertinent information requested by EPA during the development of the Draft EIS. 
Additional information has been added to the Supplemental Draft EIS, where 
appropriate, to further address technical comments, as noted in responses 
below.  
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GSA Response 
No response necessary on this page.   
 

Appendix K – Comments and Responses K-9     January 2015 



Supplemental Draft Environmental Impact Statement for FASTC Nottoway County, Virginia 

 

GSA Response 
 

F2-C 
Section 3.1.4.2 has been revised to read, “Additional information on EBS-13 and the 
landfill is provided in Section 3.2.11.2.” 
 

F2-D 
A figure has been added to Section 3.2.11.2 to identify the locations of the areas of 
concern.  The Trimble Landfill has been excluded from the boundary of Parcel 21/20 and 
continued access for monitoring would be assured through a Land Use Permit with the 
Department of the Army that would be supplemented with a Memorandum of Agreement 
with the Virginia Army National Guard (VaARNG). Text addressing this has been added to 
Section 4.1.4.1. Groundwater in this Supplemental Draft EIS. GSA is currently pursuing 
documentation on the future regulatory status of the fence around the 18 acre portion of 
the site, as noted on page 3-125 of this Supplemental Draft EIS. 
 

F2-E 
Surface waters of the site will be assessed using the Unified Stream Methodology as 
required for the Section 401/404 Joint Permit Application for wetland impacts. Any 
water/stream quality data collected as part of that process would be shared with VDEQ 
for use as a baseline for monitoring impacts from FASTC activities. Because complex 
assessment of the quality of surface and ground waters, i.e., biological integrity, chemical, 
physical, habitat, and toxicity, as reported in the Virginia 305(b) list, is the responsibility of 
each state under the Clean Water Act, VDEQ Office of Water Quality Monitoring and 
Assessment was consulted regarding any future plans for assessment of the waters of this 
project site. VDEQ indicated that they do not have assessments planned for the waters of 
this project site. Therefore, the data provided in the 2012 Virginia 305(b) is the best 
available data for reference in this EIS. BMPs and stormwater management controls would 
be implemented to protect surface waters and avoid impacts during and after FASTC 
construction. Page 3-20 of the Supplemental Draft EIS has been revised for clarification. 
 

F2-F 
See response F2-E 
 

F2-G 
GSA agrees with EPA that state consultation is important. GSA held an agency scoping 
meeting with Commonwealth of Virginia agencies on October 11, 2011 in Richmond, 
Virginia for the Draft EIS and November 3, 2014 for the Supplement Draft EIS. GSA also 
consulted with Virginia agencies in correspondence dated July 16, 2012, early in the 
process of preparing the Draft EIS, which included detailed analysis of state and federal 
threatened and endangered species and specifically the results of a Michaux’s sumac 
survey performed to support GSA’s determination of no affect. Virginia agencies declined 
to participate in any consultation. All coordination letters with federal and state agencies 
and supporting documentation regarding federal and state threatened and  
(Response continued on following page.) 
 

(F2-G continued on next page.) 
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GSA Response 
F2-G (Response continued from previous page.) 
endangered species were discussed in the Draft EIS and are included in Appendix C of the 
Draft and Supplemental Draft EIS. The 2012 correspondence has been updated in 2014 
and added to Appendix C. The organization of Appendix C has been improved in the 
Supplemental Draft EIS to assist the reader in locating the relevant information.  Should 
the proposed project move forward, GSA would continue to coordinate with the 
Commonwealth of Virginia. Also refer to responses to comments from Commonwealth of 
Virginia agencies regarding threatened and endangered species, C2-S through C2-Y.  
Since publication of the Draft EIS in 2012, the Northern long-eared bat has been proposed 
for listing under the federal Endangered Species Act.  An analysis of this species and 
agency coordination has been added to the Supplemental Draft EIS. 
 

F2-H 
Section 3.2.3.4, Baseline Complaint Risk Areas on page 3-59 has been revised to replace 
“Ranges 15 and 16” with the directional information “northeastern, southeastern, and 
southern Fort Pickett boundary” to make it easier for the reader to find the areas being 
discussed.  
Figures 4.2-5 through 4.2-10 do provide the requested overlay of the baseline and the 
build alternative noise contours. The baseline (dashed line) is shown with the proposed 
build alternative contours (solid line). The noise effects from the build alternative would 
be contained within, and would not exist in isolation from, the existing baseline, except in 
those areas shown between the dashed and solid lines. The proposed contours would only 
change the baseline in the area between where the baseline and the proposed (solid lines) 
extend (and are visible in the figure) beyond the baseline. This area represents the Build 
Alternative 3 impact area. Mitigation measures under consideration are the 
implementation of public notices prior to peak noise events (also refer to Table 6.15-1).  
F2-I 
DOS would consider notification of the community prior to the higher level noise events. 
Residents of the affected areas were notified directly about the Draft EIS and Public 
Information Meeting (as documented in Chapter 9). Public comments have not indicated 
any concerns about the effects of noise from FASTC. Statements made at the public 
information meeting by residents living near the proposed FASTC site indicated existing 
noise from aircraft is the most frequently noticed noise in the area and there was no 
concern about noise from the proposed project.  
F2-J 
A figure showing residences and other sensitive land uses has been added to Section 4.2.3 
of the Supplemental Draft EIS. DOS would consider notification of the community prior to 
the higher level noise events. Also refer to Section 6.16 Other Management Actions. 
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GSA Response 
F2-K 
Figure 3.2-16, depicting potential sites of concern, has been added in Section 3.2.11 
of the Supplemental Draft EIS. Phase II soil testing is not possible on Parcel 21/20 at 
this time. As noted in section 3.2.11, if contamination is encountered during 
construction it would be remediated on a case by case basis in accordance with all 
applicable laws. Results of additional Phase II investigations on the Grid Parcel have 
been incorporated into the Supplemental Draft EIS in Section 3.2.11.  
 

F2-L 
The PA-39 release area is located north and east of the Grid Parcel at a motor pool; it 
has been depicted on Figure 3.2-16 and added to Section 3.2.11 of the Supplemental 
Draft EIS. Section 3.2.11 of the Draft EIS indicated that further investigation would 
take place. This same section in the Supplemental Draft EIS indicates that these 
investigations have occurred and no contamination of groundwater was found.  
 
F2-M 
Soils on the Grid Parcel have been tested since the publication of the Draft EIS.  The 
results are included in section 3.2.11 in the Supplemental Draft EIS. 
 
F2-N 
Facilities would be designed to prevent occupant exposures to radon above the EPA 
action level (4 pCi/L), in accordance with GSA Facilities Standards for Public Buildings 
(P100). This information has been added to Section 4.2.11 of the Supplemental Draft EIS.  
 
F2-O 
Section 3.2.11 of the Supplemental Draft EIS includes results of additional 
investigations, which indicate that these barrels have been removed and there is no 
longer any concern. 
 
F2-P 
There are no land use controls in place for BCT-22. VAARNG is responsible for 
monitoring the plume. Sampling of the existing wells has been conducted since 
publication of the Draft EIS, and results are included in section 3.2.11 of the 
Supplemental Draft EIS. 
 
F2-Q 
As indicated in section 4.2.11 of the Draft EIS and Supplemental Draft EIS, prior to 
demolition all buildings would be tested for LBP to determine disposal options and 
appropriate demolition safety measures. 
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GSA Response 
 
F2-R 
As noted in section 3.2.11, only one of the water tanks is in the project area. 
Figures 2.2.1 and 2.2.2 show the existing water tower in relationship to the 
proposed action. It is located in the center portion of LRA Parcel 9 and would be 
surrounded by drive tracks upon completion of the FASTC. Draft EIS Section 
4.2.11 noted that soils around the water tank would be tested. The soils around 
the water tank have since been tested and the results included in Section 3.2.11 
of the Supplemental Draft EIS.  
 

F2-S 
Soils on LRA Parcel 9 have been tested. The results are included in Section 4.2.11 
in the Supplemental Draft EIS. 
 
F2-T 
Please refer to response F2-N. 
 
F2-U 
Comments noted. Reducing impacts to vegetation has been a primary planning 
consideration in the development of the alternatives. Refer to Sections 2.2.2.2, 
4.1.5.3, and 6.4.1 and Tables ES-2 and 6.16-1 for forest impact avoidance, 
minimization, and mitigation measures that would be incorporated into the 
design of the project to reduce project impacts to forest and other vegetation 
communities. As requested by EPA, the estimated acres planned for re-
establishment of cleared vegetation has now been included in these sections of 
the Supplemental Draft EIS. 
  

GSA would consider additional forest mitigation contingent upon availability of 
funding. There is no guarantee funding would be available to support the 
suggested mitigation plan options, but during facility design GSA would 
coordinate with Virginia Department of Forestry, incorporate all practicable 
measures to reduce long term forest impacts, and implement mitigation to the 
extent feasible.  
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GSA Response 
 
F2-U 
(Response on previous page.) 
 
F2-V 
Vegetation communities, habitat types, and forest blocks present on each study 
area parcel are described in Section 3.1.5.1 and Figure 3.1.6 of the Draft and 
Supplemental Draft EIS. The study area parcels are also compared with habitat 
found within Fort Pickett overall. Wildlife present on each parcel within the 
various habitats of the study areas is described in Section 3.1.5.2, and a 
comprehensive list of wildlife confirmed or presumed to be present in the study 
areas, is included in Appendix D. Impacts to vegetation and wildlife, as well as 
forest fragmentation, are analyzed for each alternative in Section 4.1.5.1 of the 
Draft and Supplemental Draft EIS.  
 
F2-W 
Habitat and wildlife within Fort Pickett have been evaluated through various 
habitat and wildlife studies, as documented in the Fort Pickett Integrated 
National Resources Management Plan (VaARNG 2007). These studies, along with 
field investigations conducted in 2012 for the Draft EIS, provide a sufficient 
habitat baseline for the study area to evaluate impacts. Further, the USFWS HEP 
was not requested by USFWS. The EIS preparers have not identified data gaps 
that would justify additional, costly studies to determine impacts of the proposed 
project. Also refer to Response F2-U regarding mitigation. 
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GSA Response 
F2-X 
Impact avoidance and minimization measures incorporated into the development of 
the alternatives include maintaining the 100-foot buffer along streams and wetlands 
wherever feasible. This goal was noted in Sections 3.1.4.4, 4.1.4.1, and 4.1.4.2 
Wetlands of the Draft EIS. Additional text has also been added to Sections 2.2.3.2, 
2.2.3.3, 6.3, and Tables ES-2 and 6.15-1 of this Supplemental Draft EIS. 
 
F2-Y 
GSA would secure letters of availability of mitigation credits from all appropriate 
mitigation banks during the Section 404/401 Joint Permit Application process. 
Preliminary inquiries made to wetland mitigation banks in the service area indicated 
that mitigation bank credits would be available for the project.  Mitigation option (3) 
was noted as a potential mitigation bank if it becomes available. Mitigation option (3) 
has been revised in this Supplemental Draft EIS to clarify that the potential mitigation 
bank in the Fort Pickett ACUB is “…under consideration by ARNG within the Nottoway 
River watershed portion of the ACUB.” 
F2-Z 
The environmental justice analysis has been conducted for the Draft and 
Supplemental Draft EIS in accord with the noted principles. Extensive public outreach 
has occurred in the area since September 2011. As noted in Section 1.5 of the Draft 
and Supplemental Draft EIS, outreach to the community has been ongoing 
throughout the EIS process and included a scoping meeting held in October 2011 and 
a Draft EIS public information meeting held November 7, 2012. A public information 
meeting will be held for the Supplemental Draft EIS on January 26, 2015. Information 
about the proposed project and the details of all meetings held in Blackstone and 
Nottoway County has been extensively reported in local media on a daily or weekly 
basis and were easily accessible by minority and low-income people. Residents living 
in proximity to the proposed explosive ranges, those who would be displaced by the 
project, and the NAACP in Nottoway County were notified directly about 
opportunities for involvement in the decision about the project (refer to Chapter 9 
Draft EIS Distribution List). Representatives of the community have been 
meaningfully involved throughout the process and have had numerous opportunities 
to ask questions directly of GSA and DOS representatives. There were no impacts 
identified that indicated the need for a more aggressive outreach program than has 
already been undertaken. The overwhelming majority of the community has voiced 
nothing but support for the proposed project.   (continued on following page) 
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GSA Response 
 
F2-Z (continued from previous page) Residents and businesses that would be 
relocated were visited by GSA representatives and would be provided all legally 
available assistance during the relocation process. Also refer to Section 6.16 
Other Management Actions.  Through GSA's Urban Development/Good Neighbor 
program and USEPA’s Community Assistance and Research expertise, GSA and 
USEPA, in a joint effort with the town, county, Fort Pickett, and the Virginia 
Economic Development Partnership, will assist Blackstone and Nottoway County 
in preparing for FASTC-related economic effects. (refer to Tables ES-2 and 6.16-
1). 
 
F2-AA 
Section 3.2.5.2 of the Draft EIS and Supplemental Draft EIS indicates those 
counties that have minority and low income populations greater than the state 
average. 
 
F2-BB 
A figure showing Environmental Justice areas in proximity to project impacts has 
been added to Section 4.2.5.1 Environmental Justice.  
 
F2-CC 
Section 3.2.5.2 and Tables 3.2-25 and 3.2-26 of the Draft EIS and Supplemental 
Draft EIS do include data comparisons for the state, county, and study area for 
minority and low income populations. 
 
F2-DD 
Additional discussion on proximity of Environmental Justice populations to 
impacts has been added to Section 4.2.5.1 Environmental Justice. Section 5.4.9 
on cumulative impacts has also been updated accordingly. 
 
F2-EE 
Comment noted; should the decision be made to implement the project, the 
information provided would be considered during design. 

Appendix K – Comments and Responses K-16     January 2015 



Supplemental Draft Environmental Impact Statement for FASTC Nottoway County, Virginia 

 

GSA Response 
No response necessary on this page. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
 
F3 
Comment noted. 

 

F3 
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STATE AGENCIES 
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GSA Response 
 
C1-A  
Comment noted. 
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GSA Response 
 
C1-B  
Comment noted. 
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GSA Response 
 
C1-C  
The traffic analysis has been updated in Section 4.2.6 and Appendix H of the 
Supplemental Draft EIS. 
 
C1-D 
The traffic analysis has been updated in Section 4.2.6 and Appendix H of the 
Supplemental Draft EIS. 
 
 
C1-E  
The traffic analysis has been updated in Section 4.2.6 and Appendix H of the 
Supplemental Draft EIS. 
 
 
C1-F  
Virginia Department of Transportation (VDOT) concurrence with the approach 
and conclusions on mitigation measures noted. The traffic impact analysis has 
been updated for Build Alternative 3 in Section 4.2.6 and Appendix H of the 
Supplemental Draft EIS. Because of the reduction in employees traveling to 
FASTC, there would no longer be adverse impacts to traffic capacity or 
unacceptable LOS at intersections. Under Build Alternative 3 the turning lane 
analysis determined that the additional project traffic would result in the existing 
turning lane storage being less than VDOT design standards at one intersection 
Option A and three intersections under Option B. To address VDOT turning lane 
storage criteria, additional study by VDOT of potential turning lane 
improvements would be warranted. 
Regarding the implementation of improvements, should VDOT determine they 
are warranted, GSA and DOS have no authority to fund or implement roadway 
improvements outside property boundaries. Intersection improvements would 
be under the jurisdiction of VDOT. Funding and implementation of improvements 
would have to occur through the appropriate Commonwealth of Virginia 
transportation organizations. Accordingly, state and/or local governments would 
determine whether improvements identified would be implemented.  
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GSA Response 
 
C1-F  
(Response on previous page.) 
 
C1-G  
Suggestion noted. Also refer to Response C1-F. 
 
C1-H  
Suggestion noted.  Also refer to Response C1-F. 
 
C1-I  
GSA appreciates the information provided with regard to roadway abandonment 
and would ensure the necessary steps are taken to comply with this 
requirement. 
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GSA Response 
 
C1-J  
GSA appreciates VDOT’s efforts to incorporate the noted intersection 
improvements at Route 460/Route 460 Business (Cox Road) into state project 
UPC 18964. 
 
C1-K  
Comment noted. Refer to Response C1-F. 
 
C1-L  
GSA would determine the need for a Land Use Permit for access to a state route 
during project design, and would submit plans to VDOT, if required.   
 
C1-M  
GSA appreciates the information provided with regard to the scheduling 
requirements for roadway abandonment. The necessary steps would be taken to 
comply with this requirement. 
 
C1-N 
Comment noted 
 
C1-O 
Comment noted. Zoning is discussed in Section 3.2.4 of the Draft and 
Supplemental Draft EIS. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
 
C2-A 
A Joint Permit Application for wetland impacts would be submitted for VMRC’s 
review. 
 
C2-B 
A Joint Permit Application for wetland impacts would be submitted for VMRC’s 
review. 
 
C2-C 
VMRC would be included in agency coordination regarding the Joint Permit 
Application. 
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GSA Response 
C2-D  
GSA would coordinate with both the Army Corps of Engineers and the VDEQ Blue 
Ridge Regional Office in obtaining permits. 
 
C2-E  
GSA would obtain all required permits. 
 
C2-F  
The alternatives development process and the build alternatives of this EIS have 
incorporated existing roads and stream crossings where feasible. This wetland 
impact avoidance measure would be carried through to the design process. 
Additional opportunities for impact minimization and use of existing stream 
crossings would be considered during project design. Sections 4.1.4.1 and 4.1.4.3 
discuss avoidances and regulations that would be followed as well as mitigation 
for wetland impacts. 
 

All wetlands and streams on all proposed site parcels, including those within 50 
feet of all project activities, were flagged during the 2011-2012 wetland 
delineations. 
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GSA Response 
 
C2-F 
(Response provided on previous page.) 
 
C2-G  
All regulated land disturbance would be conducted in compliance with the 
minimum standards outlined in the Virginia Erosion and Sediment Control 
Regulations; also refer to Section 4.1.3.1 of the Draft and Supplemental Draft EIS. 
 
C2-H  
GSA would obtain all applicable permits and prepare all required plans, including 
a Stormwater Pollution Prevention Plan; also refer to Section 4.1.4.1 of the Draft 
and Supplemental Draft EIS.  
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GSA Response 
 
C2-H 
(Response provided on previous page.) 
 
C2-I 
Comment noted. This status is reflected in Section 3.2.2.2 of the Draft and 
Supplemental Draft EIS. 
 
C2-J 
GSA Facilities Standards for Public Buildings (P100) would require that 50% of 
construction debris be recycled or reused. The remaining vegetative debris 
and/or demolition and construction materials would be disposed of in 
accordance with all laws and regulations. Open burning of construction debris 
would not be conducted. Nottoway County does not have ordinances and 
permitting requirements for open burning. This information has been added to 
Section 4.2.2.1 Air Quality, Construction.  
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GSA Response 
 
C2-J 
(Response provided on previous page.) 
 
C2-K  
Section 4.2.2 discusses fugitive dust control. Additional language has been added 
to the Supplemental Draft EIS to encompass additional measures that may be 
employed. 
 
C2-L 
The proposed boilers are all less than 10,000,000 Btu/hr and therefore are 
exempt from permitting regulations of the Commonwealth of Virginia for 
stationary sources of air emissions. The emergency generators are exempt from 
permitting regulations provided hours of operation are kept below 500 hours per 
year. Refer to Section 4.2.2. 
 
C2-M 
Section 4.2.2 analyzes fuel-burning equipment relative to the requirements of 
9VAC5-80.  
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GSA Response 
C2-N 
Sections 3.2.11 and 4.2.11 of the Draft and Supplemental Draft EIS are based on 
comprehensive Phase I and Phase II Environmental Site Assessments performed 
for the proposed project land parcels. All potential sites of environmental 
concern have been documented. Follow up investigations have been conducted 
since the publication of the Draft EIS, and the results are included in this Sections 
3.2.11 and 4.2.11 of the Supplemental Draft EIS. 
 
Regarding the sites noted from VDEQ’s database, sites 0213720931 and 
VAD988228359 are within Pickett Park northeast of LRA Parcel 9. Neither site 
would be affected by the project. Site VAR00000553 is located adjacent to the 
Grid parcel, which has recently been subject to soil and groundwater testing to 
ensure activities associated with Site VAR00000553 have not affected soils or 
groundwater conditions on the Grid Parcel (refer to Section 3.2.11 and 4.2.11). 
Sites VAD982677429 and 988224937 are not located near any of the FASTC 
parcels. 
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GSA Response 
 
C2-N 
(Response provided on previous page.) 
 
C2-O 
As indicated in section 4.2.11.1, surveys would be conducted prior to demolition 
and any disposal would be adhere to applicable state, federal, and local 
requirements for protecting human health and safety and the environment. 
 

C2-P 
Procedures would be in place for safe handling, use, and disposal of existing or 
introduced hazardous substances and waste during demolition, construction, and 
operations. Also refer to Response C2-N. 
 

C2-Q 
Section 4.2.11.1 indicates that tanks would be removed and closed by a licensed 
contractor in coordination with VDEQ. Additional investigations have been 
conducted since publication of the Draft EIS to locate and characterize soil 
conditions associated with undocumented USTs/ASTs to the extent feasible. The 
results of these investigations are included in Section 4.2.11 of this Supplemental 
Draft EIS. Contaminant levels are not anticipated to be high and would be 
managed on a case by case basis in accordance with applicable federal, state, and 
local regulations, if such locations are encountered during demolition activities. If 
unregistered or unknown USTs are encountered during construction, they would 
be removed and closed by a licensed contractor in coordination with VDEQ. 
 

C2-R 
Chapter 6 and Table 6.16-1 of the Draft and Supplemental Draft EIS discuss 
impact minimization and mitigation measures including pollution prevention and 
hazardous materials/hazardous waste management (CERCLA, RCRA, Oil Pollution 
Act, Pollution Prevention Act). The description of the Proposed Action (Section 
2.1) addresses energy efficiency and reduction of waste, pollution, and 
environmental impacts to achieve certification as LEED Silver buildings. Pollution 
prevention principles are also incorporated into GSA Sustainable Design 
Principles.   
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GSA Response  
C2-R 
(Response provided on previous page.) 
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GSA Response 
 
C2-S 
Section 3.1.5.3 of the Draft EIS identified Michaux’s sumac as a federally listed 
species known to be present at Fort Pickett. All details about state and federal 
threatened and endangered species were provided in correspondence to Ms. 
Rene Hypes, Virginia Department of Conservation and Recreation (DCR) Division 
of Natural Heritage, dated July 16, 2012.  
 

Section 3.1.5.3 of the Draft and Supplemental Draft EIS indicates that the only 
suitable habitat for Michaux’s sumac in the project area was on an existing power 
line on LRA Parcel 10. GSA contracted with a USFWS approved botanist to 
conduct a survey for Michaux’s sumac, and the plant was not found. The findings 
of this survey were included in correspondence sent to DCR on July 16 2012 
(refer to Appendix C of the Draft and Supplemental Draft EIS) and were included 
in Section 3.1.5.3 of the Draft and Supplemental Draft EIS. Refer to Appendix C 
for the correspondence, which includes the Michaux’s sumac survey submitted to 
USFWS and USFWS concurrence with GSA’s “no affect” determination with 
regards to Michaux’s Sumac. LRA Parcel 10 is no longer included in the proposed 
site for Build Alternative 3 in this Supplemental Draft EIS. 
 
C2-T 
Refer to Response C2-S. 
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GSA Response 
C2-T 
(Response provided on previous page.) 
 
C2-U 
Comment noted. 
 
C2-V 
Refer to response C2-S. 
 
C2-W 
Comment noted. 
 
C2-X 
Sections 4.1.4.3 and 6.3 of the Draft and Supplemental Draft EIS note proposed 
mitigation through wetland mitigation banks. Stormwater management ponds 
are not part of the planned mitigation for wetland impacts. GSA will coordinate 
with Commonwealth of Virginia agencies regarding mitigation during the Joint 
Permit Application process. 
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GSA Response 
 
C2-X 
(Response provided on previous page.) 
 
C2-Y 
Chapter 6 and Table 6.16-1 of the Draft and Supplemental Draft EIS list impact 
minimization and mitigation measures that would be incorporated into the 
project, including many that are noted by Virginia Department of Game and 
Inland Fisheries. 
Extensive efforts have been made in the alternatives planning process (refer to 
Chapter 2 of the Draft and Supplemental Draft EIS) to minimize impacts where 
feasible. A 100-foot buffer would be maintained around wetlands and streams 
wherever feasible.  
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GSA Response 
 
C2-Z 
The Virginia Department of Forestry’s (DOF) determination of significant impact 
to forest resources is noted. Reducing impacts to vegetation has been a primary 
planning consideration in the development of the alternatives, and vegetation 
would be re-planted where feasible to offset the impacts. Forest impacts have 
been reduced with Build Alternative 3 as compared with the 2012 build 
alternatives. Refer to Supplemental Draft EIS Sections 2.2.2.2, 4.1.5.3, and 6.4.1 
and Tables ES-2 and 6.16-1 for forest impact avoidance, minimization, and 
mitigation measures that would be incorporated into the design of the project to 
reduce project impacts to forest and other vegetation communities.   
 
C2-AA 
GSA would consider additional forest mitigation contingent upon availability of 
funding. There is no guarantee funding would be available to support the 
suggested mitigation plan options, but during facility design GSA would 
incorporate all practicable measures to reduce long term forest impacts and 
implement mitigation to the extent feasible. Also refer to Response C2-Z. 
 

Sections 4.1.4.3 and 6.3, and Table 6.16-1 of the Draft and Supplemental Draft 
EIS discuss avoidance, minimization, and mitigation measures for the protection 
of wetlands and streams on or adjacent to the project site parcels. 
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GSA Response 
 
C2-AA 
(Response provided on previous page.) 
 
C2-BB 
Refer to Response C2-AA 
 
C2-CC 
Refer to Response C2-AA 
 
 
C2-DD 
Refer to Response C2-AA 
 
C2-EE 
Comment noted. 
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GSA Response 
 
C2-FF 
Additional research on the isolated grave stone and two identified archaeological 
sites has been conducted and the updated Phase I and Phase II Archaeological 
Report and Addendum Phase II Evaluation Report have been updated and 
resubmitted to DHR.  Section 4.2.1 and Appendices E and F of the Supplemental 
Draft EIS have been updated to include the additional information and 
correspondence. 
 
C2-GG 
GSA will continue consultation with DHR pursuant to section 106 of NHPA.  
 
C2-HH 
Section 4.2.1.3 indicates that compliance with Section 106 would take place and 
that any mitigation measures would be determined through consultation. 
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GSA Response 
 
C2-II 
Comment noted 
 
C2-JJ 
All applicable regulations concerning the water lines would be adhered to for the 
proposed project. Town of Blackstone officials have been notified of the 
predicted waters demands and have indicated that they have no concerns about 
the proposed demand. Also refer to Section 4.2.8 of the Draft and Supplemental 
Draft EIS. 
 
C2-KK 
In the Supplemental Draft EIS, Section 3.2.8.1 has been revised to indicate the 
Virginia Department of Health Office of Drinking Water permits the water 
treatment plant. 
 
C2-LL 
As noted in Sections 4.1.4.1, 4.1.4.3, 4.3.1, 5.4.4, and 6.3 of the Draft and 
Supplemental Draft EIS, LID methods would be utilized to the extent feasible, 
including but not limited to Sec 438 of the Energy Independence and Security Act, 
GSA sustainability guidelines, and LEED design criteria. Specific measures that 
would be incorporated into the design, including ultra-low flow fixtures, rain 
collection, use of grey water, native plant species for non-irrigated landscaping, 
and avoidance of permanent irrigation, have been added to Sections 4.2.8.3 and 
6.12 and Tables ES-2 and 6.16-1 of the Supplemental Draft EIS. 
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GSA Response 
 
C2-MM 
All applicable regulations concerning the sewer collection system would be 
adhered to for the proposed project. Town of Blackstone officials have been 
notified of the predicted sewer demands and have indicated that they have no 
concerns about proposed demand. Sections 4.2.8.1 and 5.4.13 of the 
Supplemental Draft EIS contain updated information about sewer capacity. 
  
C2-NN 
Form 7460 would be submitted to the FAA.  
 
C2-OO 
Form 7460 would be submitted to the FAA. Noted requirements have been 
added to Sections 4.2.4.1 and 6.8 and Tables ES-2 and 6.16-1 of the Supplemental 
Draft EIS. 
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GSA Response 
 
C2-PP 
VDOT submitted comments under a separate letter. Refer to comments and 
responses C1-A through C1-P. 
 
C2-QQ 
Comment noted. 
 
C2-RR 
Comment noted. 
 
C2-SS 
Chapter 6 and Table 6.16-1 of the Draft and Supplemental Draft EIS discuss 
impact minimization and mitigation measures including pollution prevention The 
description of the Proposed Action (Section 2.1) addresses energy efficiency and 
reduction of waste, pollution, and environmental impacts to achieve certification 
of LEED Silver buildings. Pollution prevention principles are also incorporated into 
GSA Sustainable Design Principles.   
 
C2-TT 
Comment noted; also refer to response C2-SS. 
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GSA Response 
C2-TT 
(Response provided on previous page.) 
  
C2-UU 
Comment noted.  
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GSA Response 
 
C2-UU 
(Response provided on previous page.) 
   
C2-VV 
Refer to response C2-A. 
 
C2-WW 
Refer to response C2-D. 
 
C2-XX 
Refer to responses C2-J and C2-K. 
 
C2-YY 
Refer to response C2-L. 
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GSA Response 
 
C2-ZZ 
Refer to response C2-G. 
 
C2-AAA 
Refer to response C2-H. 
 
C2-BBB 
Solid waste, hazardous waste, and hazardous materials would be managed in 
accordance with all applicable federal, state, and local regulations. 
 
C2-CCC 
Refer to response C2-O. 
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GSA Response 
 
C2-CCC 
(Response provided on previous page.) 
   
C2-DDD 
Section 4.2.11.1 of the Draft and Supplemental Draft EIS indicates that LBP would 
be characterized, managed, transported, and disposed of according to applicable 
state, federal, and local requirements for protecting human health and safety 
and the environment. 
 
C2-EEE 
Refer to response C2-P and C2-R. 
 
C2-FFF 
Refer to response C2-T. 
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GSA Response 
 
C2-FFF 
(Response provided on previous page.) 
   
C2-GGG 
Refer to response C2-GG. 
 
C2-HHH 
Refer to response C2-AA. 
 
C2-III 
Refer to response C2-NN. 
 
C2-JJJ 
Refer to responses C2-JJ and C2-MM. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
 
C2-KKK 
Refer to response C2-A. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
 
C2-LLL 
Refer to response C2-D. 
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GSA Response 
 
C2-MMM 
Refer to response C2-N. 
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GSA Response 
 
C2-MMM 
(Response provided on previous page.) 
 
C2-NNN 
Refer to Response C2-P. 
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GSA Response 
 
C2-NNN 
(Response provided on previous page.) 
 
C2-OOO 
Refer to Response C2-O. 
 
C2-PPP 
Sections 4.2.11.1 and 6.15 of the Draft and Supplemental Draft EIS discuss 
measures for the storage, handling, and disposal of hazardous materials.  
 
C2-QQQ 
Refer to response C2-SS. 
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GSA Response 
 
C2-RRR 
Refer to response C2-S. 
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GSA Response 
 
C2-RRR 
(Response provided on previous page.) 
 
C2-SSS 
Refer to Response C2-T. 
 
C2-TTT 
Comment noted. 
 
C2-UUU 
Refer to responses C2-G and C2-H. 
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GSA Response 
 
C2-VVV 
Refer to responses C2-H. 
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GSA Response 
No response necessary on this page. 
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GSA Response 
 
C2-WWW 
Comment noted. 
 
C2-XXX 
Refer to Response C2-T. 
 
C2-YYY 
Refer to response C2-Y. 
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GSA Response 
 
C2-ZZZ 
Refer to Response C2-NN. 
 
C2-AAAA 
Refer to Response C2-OO. 
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GSA Response 
 
C2-BBBB 
Refer to Response C2-GG. 
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GSA Response 
 
No response necessary on this page. 
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GSA Response 
 
No response necessary on this page. 
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GSA Response 
 
C2-CCCC 
Comment noted. 
 
C2-DDDD 
Comment noted. 
 
C2-EEEE 
Comment noted. 
 
C2-FFFF 
Comment noted. 
 
C2-GGGG 
Comment noted 
 
C2-HHH 
Comment noted. 
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GSA Response 
 
C2-HHHH 
(Response provided on previous page.) 
 
C2-IIII 
Refer to Response C2-FF 
 
C2-JJJJ 
Comment noted. 
 
C2-KKKK 
Refer to Response C2-FF 
 
C2-LLLL 
Refer to Response C2-FF 
 
C2-MMMM 
Refer to Response C2-FF 
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GSA Response 
 
No response necessary on this page. 
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GSA Response 
 
C2-NNNN 
Refer to response C2-AA. 
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GSA Response 
 
C2-NNNN 
(Response provided on previous page.) 
 
C2-OOOO 
Refer to Response C2-BB. 
 
C2-PPP 
Refer to Response C2-CC. 
 
C2-QQQQ 
Refer to Response C2-DD. 
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GSA Response 
 
C2-RRRR 
Refer to comment C2-KK. 
 
C2-SSSS 
Comment noted. 
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GSA Response 
 
C2-TTTT 
Comment noted. 
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GSA Response 
 
C2-UUUU 
Comment Noted. 
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GSA Response 
 
C2-VVVV 
Comment Noted. 
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GSA Response 
 
C2-WWWW 
Comment Noted. 
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GSA Response 
 
C2-XXXX 
Comment Noted. 
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TRIBES 
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GSA Response 
 
T1-A  
Comment noted. 
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GSA Response 
 
T2-A  
A paper copy of the Draft EIS was delivered to the Tuscarora Nation on 
November 21, 2012. A paper copy of the Supplemental Draft EIS was 
sent on January 9, 2014. 
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LOCAL OFFICIALS AND AGENCIES 
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GSA Response 
 
L2-A  
Comment noted. 
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GSA Response 
 
L2-A  
Comment noted. 
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GSA Response 
 
L3-A  
Comment noted. 
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GSA Response 
 
L4-A 
 Comment noted. 
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GSA Response 
 
L5-A  
Through GSA's Urban Development/Good Neighbor program and 
USEPA’s Community Assistance and Research expertise, GSA and 
USEPA, in a joint effort with the town, county, Fort Pickett, and the 
Virginia Economic Development Partnership, will assist Blackstone and 
Nottoway County in preparing for FASTC-related economic effects. 
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L6-A 
 Comment noted. 
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INDIVIDUALS 
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I1-A  
Dormitories are no longer included in the Proposed Action and all 
overnight accommodations would be in local/regional motels/hotels. 
Refer to Supplemental Draft EIS Section 4.2.5.1 and Appendix J for the 
updated analysis.  
I1-B  
Potential local hires by phase may be determined by subtracting the 
number of transfer employees (refer to Table 4.2-10) from the total 
full time equivalent employment, including direct jobs generated by 
spending = 783 total (Table 4.2-9). Refer to Supplemental Draft EIS 
Section 4.2.5.1 and Appendix J for the updated analysis.  
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GSA Response 
I1-C 
Comment noted 
 

I1-D  
An average of 600 students would be on-site on an average training 
day. Training schedules and the number of trainees on-site in a given 
week would vary, as would the number of hotel-motel nights required. 
Refer to Supplemental Draft EIS Section 4.2.5.1 Economic Impacts and 
Appendix J Economic and Fiscal Impacts Technical Studies for updates 
to the economic impact analysis for Build Alternative 3. The estimate 
of hotel room nights is a best estimate used for planning purposes; the 
actual number may vary. 
 

I1-E 
Please refer to Response I1-A 
 

I1-F  
Dormitories are no longer included in the Proposed Action. Refer to 
Supplemental Draft EIS Section 4.2.5.1 and Appendix J for the updated 
analysis. Please also refer to Response I1-A.  
 
 

I1-G 
Refer to Supplemental Draft EIS Section 4.2.5.1 and Appendix J for the 
updated analysis. Revenue to Nottoway County was generated by the 
IMPLAN model using the following inputs, which would stimulate local 
tax collections:  personal expenditures, local FASTC contract 
expenditures (non-payroll expenditures), and visiting trainee 
expenditures. Personal expenditures are derived from operational 
payrolls and are based on a measure of Personal Consumption 
Expenditures as provided by the Government Printing Office. Contract 
expenditures are associated with spending in categories such as 
vehicle and track maintenance, food services, off-site lodging, 
technology maintenance, and utilities. Trainee expenditures include 
incidentals, gifts and other miscellaneous purchases calculated based 
on the estimated time trainees would be expected to be free to 
frequent local business. All expenditure categories are provided in the 
Approach to Analysis section of the Economic and Fiscal Impact Studies 
Technical Report provided in Appendix J of the Supplemental Draft EIS. 
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GSA Response 
I1-G  
(Response provided on previous page.) 
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GSA Response 
 
I2-A  
Comment noted. 
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GSA Response 
 
I3-A  
Comment noted. 
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GSA Response 
 
I4-A  
Comment noted. 
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GSA Response 
 
I5-A 
Comment noted 

Comment page repeated to maintain alphabetical order. 
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GSA Response 
 
I6-A 
Diplomatic Security hard skills training is currently conducted at up to 
11 different geographically dispersed leased and contracted facilities 
nationwide. A May 2008 report to Congress identified the need for a 
consolidated facility that would improve training efficiency and 
provide priority access to training venues that meet current facility 
standards.  
 

Through an extensive site selection process, GSA and DOS have 
explored possible options for the use of existing government facilities. 
This process determined that the Fort Pickett/Nottoway County site 
was the only suitable location for FASTC. This determination was 
reaffirmed in 2013 by two independent federal government panels. 
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